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PreLace

This is the second interim report published by the U. S. Army .-

neer Waterways Experiment Station on the study, Floods Resulting frcn .-.ud-

aenly Breached Dams; it describes briefly the test procedires and sumaa-

rizes the test results obtained from breaching (to various degrees)

simulated dams that were situated at mid-length of a 4O-ft flume. For

these tests, artificial roughness was added to the side' inc! bottom of 'Une

flume to achieve a high resistance to xf;%I.

The tests reported herein were conducted during the period July to

December 1958, under the general super -ision of Messrs. E. 1'. Fortson, Jr.,

and F. R. Brown. Mr. G. L. Arbuthnot, Jr., assisted by Mr. J. N. Strange,

was directly in charge of the study. Operation of the model, data analysis,

and correlation of the test results were accomplished b, the following per-

sonnel: SP-4 T. Schmidgall, SP-4 N. J. Ferrell, SP-5 R. P. Andrew, Mr. S.

H. Halper, and Mr. G. A. Wilkerson. This report was prepared by SP-),

Schmidgall and Mr. Strange.

The consultative services of Drs. G. H. Keulegan, R. F. Dressler,

H. Rouse, and A. T. Ippen, and Messrs. R. L. Irwin and F. B. Barkalow are

gratefully acknowledged.

Colonels A. P. Rollins, Jr., CE, and Edmund H. Lang, CE, were Direc-

tors of the Waterways Experiment Station during the testing phase and

during the preparation of thfs report. Mr. J. B. Tiffany was Technical

Director.
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n -rea Cf flcv, sq ft;

Dlo Vertica-I t-xc frc cri-inJ.l fr s:rface to ctt'- cf brea
,depth of breach), ft

- Acceleraticn f .ra,.rity; ?2.2 ft/zcc2

n Yannir's ccefficiczt o: rou.4hnezs, zec/tl!3

SDispharce at dam, cu ft/sec

B. Base florw discharge, cu ft/se-

Qd Discharge at station aovz, nrean of dam, 7u t/zcc

M oa:-aimum discharge at dam, cu ft/sec

t Time after breach, sec

ta Arrival time of negative or posite wave, s.c-

v Velocity of flow (average.), ft/sec

V+b Vo'1u'e of reservoir &Lbuve breach -eael, 'a ft

b idth of breach at original water surface, ft

.'d .idth of dam at original water surface, ft

XA Distance downsttr am frcm dam, ft

Xu Distance upstream from dam, ft

y Depth of water, ft

Yd Depth of water (stage) dounstream from dam, ft

Yo repth of' water at the dam before breach, ft
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n Zu L.. "Z =~~~~~ -ra'. ~ udrt!-,o:a! ealr 'n-si- f'-Z.

f bra d la, etr.ertaiY zt :. anS d--
irczct at' A L d.r.nssre= of si--alzatei, ie:la re~z. A.

it Is rIarn ,I to ue 2 i- -z-_h th re.tan ',ae r
_!,-e +;!i&d irzt rr crt Lt- tn2.L. ccries. t. zbIiz.h a :-.za1 ret- which

will e.*tenl zurrent the-aret:=:1 athsan& will _-ls the re-lia-
.1 CI aaial Methcd.: -ih ave teen developed t-,r~c the Maz-
nl.d of dn.o-breaci. 7.lcdz ;der f-'al-scale coniticas.

li t:x:rerirental tesu- -:exv z-zdujcted in the '-tk. rectar,,ular
fluze already described in tifire. reiort. :lrn' striaz, we:e acl1ed
to thz fluze floor and side: to a.. - consideraly roujitr channel thr-.-
that used in the first seriez of tests (M:.a.-ing's "n" vari.:i frcm 0.P04 for
a uniform denth of flow eaul to 0.7 ft to 0.12 for a uniform depth of flcw
equal to 0.15 ft in the second series c ;.-_pared to n - 0.X09 -n the first
series). An experimental prosram was conducted under conditions of -Vero
base flow, involvinCg 8 of ti.x 12 tebt ccndition used L,. zhe first test
series. Five test conditions, having the same breach .izes as in the first
test -cries, were tested using the so.ze two base flows used in the first
test series.

As in the first test series, observations of stage versus time were
made for each test condition at recording stations upstream from the dam,
at the dam, and downstream from the dam. Velocity versus time observations
were made at recording stations downstream from the dam. From these rec-
ords, discharge-time hydrographs were calculated for flow through the
breach and at selected stations downstream.

Savczal :zhanges made in the methods of obtaining test data proved
advantageous over the methods used previously in the first test series.

As a result of these tests, conclusions were reached regarding the
maximum flolw through a given breach, the maximum st.a- at the; breach and
at stations downstream from the dam, the propagation of the negative wave
up the reservoir, and the shape, vel-iLy, and propagation of the posi.ive
flood wave downstream for a channel of high resistance to flow. Th.:se
results are discussed in the narration ai-d are compared in ... _y -f -he (lata
plots with the results previously reported in the first -eort.
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1. Tn l_!rz:r f.t= -Vr. de~i-ztc lbrzet.:ts of

.er -s zr.% :cr!d :- TT deronstrate& e trnendk.vs

ier~~z~~fcrzes Lf asudaixrV rvc~& n:t~- :- ave. PF.t-

nernt 0:so these art -fea~ll.. .created ticdS are gv -n in table 16.

if = thci f estiatn; th- depth, durati. and a -n tI: of sach flood

Saculd :e developed, it i:.t jassible to initiate countermeasures

To a leiate or eb--.:te scze f he daain, effe-ts.

PUrro;e and Scope of !nvest-igation -

2. The purpose of this, the second series of model tests on fi'oods

resulting from suddenly breached dams, was to provide auantitative data for

determining the change in magnitude and character of the flood wave with

the r uhncz= Of the chxunei substantially increased above that used in the

first test series where n =3 .C09. To accomplish this purpos&, stage and

discharge hydrog.raphs were determined at selected stations above, at, and

below the breached model dam. Frcm interpretation of these data, an evalu-

ation of the floorl wave as a function of time was possible.

Adjustment and Calihretion of Flume-k

Revision of model dams

3. Bec&ause of the difficulty encountered in maintaining a watertight

seal at the dam during the first series of tests and also the difficulty of

maintaining true position of the remaining portions of the dam after breach,

For a more detailed description of the history, purpose, scope, tcc -,-

cilities, and procedures, please refer to Report No. 1 (reference 15).
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the Re seating section ws radesigne . "-n-- es an 'plates were

used to fox- a nr1-rz-c grcovad section acr oss the f-]=e "-et-.cr= a wel as m

the f sides. An a-u ir_-p- ae to-u, atached to the uspsream face

of- the dan-, fitted- scothly into the groove without aleigthe y "'c

eharacteristics of the breach. Fig. 1 sh ws the secticn t-o-A t-e rco--'*!

used in simu!tizz a total breach (recoval of ent-re dan, test ccn;-,I.

1.2). Other then fer the revision just describee, the test facilities "-

ing this series of tests were the same as for the first test series.1 5 "

Fig. 1. Flume at sta 200 (location of simulated dL.,)
showing roughness striis in place

Slope and aligrnment of flume

4. Before the second test series was begun, the slope of the bottom

* Raised numerals refer to similarly numbered items in the List of
References.
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and alg-en of the si aI-s were

ch-eked. levels were t -±e- at L.'t .... ..--.

intervials along the entire 2e.-Zth of I--
the flaIe at the 'case of each side- ~ I~ 71 1 7 1
wl-I a d aoln the center line- - - - •

Pericdic checks of the sloe and

g ent -ere continued during the

testing operations to ensure that

"th were withzn the permissible ....

tolerances established ori.-iousl '1 0

Calibration of roughness -

5- The first series of ,
15tests represented the smoothest -"

flow conditions that were easily at- F
tainable (Manning:s n = o.C09). For

the tests reported herein, roaghness . / I
vas added to the bottcm and sides of 'I

the flume. After experimenting with I I ,

several schemes of riughening the I I
flume, aluminum angles (3/4- by 3/4 ,,,

in.) with one leg tacked to the

flume floor and side were found to Fig. 2. Variatin of Mannings a and

be acceptable. The other leg of the discharge wizh depth of flow

angle extended into the flow region, providing thr -Isistance to flow. The

anges were cut and shaped from 22-gage aluminum sleets and were fastened

at 6 -in. intervals across the bottom and 1. ft up ea ;. flume wall. Fig. 1

s.,vv-- the roughness strips in place. Fig. 2 shows how the flume roug. hess

and discharge varied with depth of flo, (these curves were dobaiuec er

conditions of uniiorm flow).

Test Conditions

Ncnbase-flow tests

6. A review of the nonbase-flowr test results obtained in the first

test series revealed that the two smallest partial width-full depth test



czz.Mnzia and the tuo --OlIest partial dept-h-fu.1l width test, =-zit4--n

culd be ccitted without jacpardizian or bstantialiy lecreain; the value

of the test results. Conseu. entky :%ese four test ccn .ionZ *ere cmtted

frc- the second test series; zhe re-pininz eight conditions ac describeld

below. In the first cou'-n of the tabulation, the whole nunber refers

to the test conilticn (breach pattern -- i orientation), which is the

sze as simila- rly nunbcered tezts of the first series, w.-ile the deeaI

refers to zhe nu ber of the teso series and/or t;e roughsess condition.

/onbase-Flcw Test Conditions

'.' 'lb D'
Test Width of .e.pt of 1 ab

SW. Y Wd
Condition No. Breach, ft Breac.-, ft CL d o

1.2 4.00 !.c' !.0.) 1.00 1.00

2.2 2,)G .. ..60 .0 0.60
3.2 1.20 1. oo 0.30 1.0o 0.30

4.2 o.6o 1.00 0.15 1.00 0.15
7.2 4.co 0.60 1.00 0.60 o.6o

8.2 4.co 0.30 1.00 0.30 0.30

11.2 2.40 0.60 .60 0.60 0.36

12.2 1.20 0. 00 0.10 0.4n 0.0

Base-flow tests

7. The base-flow test conditions including base-flow discharges for

the tests described in this report were the same as those used in the first

series. The added roughness, however, increased the L.se-flow depth from

0.1 to 0.32 ft for the 1.0-cu-ft-per-se- discharge and frcm 0.2 to 0.5L

ft for the 3.07-cu-ft-per-sec discharge. The five base-flow test coad-1

tions were therefore designated as fol.us: 1.2(32), .2-.6), .--3(32),

2.2(56), and 3.2(32). Fig. 3 pertains to test condition 3.2(32). Fig. 3a

shows the model dam in place (except for breach beci.ion). Note that space

is provided beneath the dam to permit passage of the base flow. The flow

conditions before breach are shown in fig. 3b, and those shortly after

breach in fig. 3c.



TLi.

Dam in placa (except f'or 'c. Bas ze flo.. Leifore breack,

c. Flowi condi~tinns shortly
after oreach

Fig. 3.Breach pattern for test condition 3.2 (32)
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Changes in MethOs_ of Recording Stage Versus Time Data

8. '*he measure=ents of stage versus time were obotained in essen-

tially the s:.e manner as in the first series of tests; however, several

innovations were adopted to improve and accelerate the data-recording proc-

ess. First, a standard set of recording stations along the flume wa

adopted for all test conditions, naely: stations 40, 70, 100, 1-20. 140,

150, 160, 172, 180, 186, 190, 194, 196, 198, 199, 200, 22-5. 280, an'l 350.

Second, the number of motion picture cameras in operation during testing

was increased from four to six. With this inerease, on!. three or four

test runs were required to ccmplete te:.tC..L of a given test zondition.

Third, a standard designed staff gage was used for all stage measurements-

These gages were mounted on individual "iooden beams which rested on the

sidewalls of the flume, making them eas-ly portable from stat;ion to sta-

tion. Fourth, notches were cut through the sidcwalls of the flume am the

stations farthest up-

stream from the dam in

order to place the cam-

eras nearer the staff

gages. The closer expo-

rate interpretation of

the stage records. I-g.

1 4 shows the improved
method of camera station-

ir-. Finally, Kodachrome

color film was used ii,

the cameras t.o %-oride a

- - sharper dx±Ir tion jt

the water surface This

reduced significantly

the time involved in

reading the film record

Fig. 4. Camera, staffs, and clock arrangement from each of the record-

for recording stage versus time ing stations.
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Determining the Discharge-Time Hydrographs

At the dam

9. Nonbase-flow tests. The discharge-time hydrographs at the dam

were comnuted in the same manner as for the first series of tests. Thc

stage-time data (tables 1-8) were used to plot reservoir stativn-stage :o-

'iles at selected times for each test condition. Plate 1 illustrates these

profiles for test condition 1.2. The area between the stage profile at

time t and the profile at t = 0 (before breach) when multiplied by the

flume width determines the total outflow volume up until time t . Plate 2

is a plot of the total volume of c-uzilsw a function of time for test

condition 1.2. The discharge-time hydrographs were determine. by numeri-.

cally differentiating the volume-time curves.

10. Base-flow tests. As in the noibase-flow t.ests, the stage-time

data (tables 9-13) were used to plot station-stage profiles for selected

times (plate 3) and then were converted to ;olume of outflow versus time

curves as described in paragraph 9. Differentiating the volume of outflow

versus time curves gave discharge versus time data. In these tests, the

total volume of water flowing past the dam at any time was the sum of the

base-flow volume and the reservoir-outflow volume. Plate 4 shows the

corresponding reservoir-outflow volume, the base-flow volume, and the sum

of these two, which is the total outflow past the dam for test condition

1.2(32).

Downstream from the dat

11. Discharge hydxographs for stations downstream from the dam were

determined from the relation,

The cross-sectional arva A was computed by multiplying the stage

by the flume wi.dth. The average velocity v was obtained from the

surface velocity measurements which were made at sca 225, 280, and

350 for all test conditions. They were obtained by photographing and

measuring the traces made by confetti sprinkled over the water surface.

The camera, grid reference, and time, arrangement used to obtain
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N.I

Fig. 5. Camera setup for determining the stage and discharge
hydrographs at stations downstream from the dam

simultaneously all pertinent measurements necessary for determining t-!%e

discharge-time hydrographs are $nown i, fig. 5.

12. In the first ,of tcsts, Ue flume roughnes- ,'a v.ively

low and remained essentially constant wi~h variations 4-x. tne dep~th of flow.

Consequently, the ratio of average velocity to ths surface velocity also

remained constant with variations in depth of flow. The flume roughness in

the second series of tests was highly sensitive to depth of flow. Hence;

the relation of average velocity to surface velocity was determined under

conditions of uniform flow for several depths of flow. The average



I1 I

Y" ___ I a I - -C-

Y /1

or I' ,!_ __2!d

0.

Ae - - STAGE- FT

Fig. 6. Surfare and average Fig. 7. Velociby correction

velocit ies as a function of factor as a function ofstage (uniform flow ccndi- stage (uniform flow condi-
tions) tions)

velocities were calculated from the weir discharges and flow cross sections

using the relation v = Q/A . These velocities were then compared with the

surface velocities for corresponding stage nnd dischsrgp setting$. Fig. 6

shows the two velocity-stage curves so determined, and frcm these two

curvea, a velocity ratio (average velocity/surface velocity) was determined

as a function of stage.
13. Fig. 7 is a plot of the velocity ratio versus stage. To apply

the correction factor, both the stage and surface velocity were determined

for a given time, t The average veiocity used in computing the discberge

was then determined from:

Average velocity = surface vel-,,, Ir x velocity.- zatio

Inasmuch as the velocity ratio was established under conditions of steady

flow, its use for computing discharge for actual tests (unsteady flow condi-

tions) may involve some error. However, it is believed that the method pro-

vides a means of assessing the discharge at downstream stations to a satis-

factory degree of accuracy.
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Test Results and Discussion

Stage-time hydrographs,
nonbase-flow tests

14. The stage-time data for all recording stations involved in -he

nonbase-flow test conditions are pizsented in tables 1-6. Similar data for

the base-flow tests are presented in tables 9-13. The stage-time hfdro-

graphs for these same tests are shown in plates 5-56. Examination of the

stage-time data indicates that the minimum stage recorded for an', test was

0.06 ft. This is true because t.' stage corresponds to tic: top elevation

of the outstanding leg of the roughness strips; h.nme, for all practical

purposes, flow ceased for the nonbase-flow tests at a stage of 0.06 ft.

Since after each test water was impounded by the roughness strips to a

depth equal to 0.06 ft, all nonbase-flw tests werc performed under these

wet-flume conditions in order to be consistent.

15. At the dam. The variation in thc depth of flow with time at the

dam (sta 200) for each breach condition tested is shown in plates 8, 12, 16,

20, 24, 28, 32, and 36. As was true in the first test series, the s6age at

the dam dropped immediately to approximately 0.5 ft when the entire dam was

removed (plate 8). Then as time increased, the stage (at sta 200) gradu-

ally decreascd. These results verify the work of St. Venant and

Schoklitsch 12 who concluded that the depth of flow immediately after

removal of the entire dam will equal 4/9 to 1/2 of its depth before removal.

From the stage-time hydrographs of the stations just upstream from the dam,

a 3mall dip and recovery of stage immediately after the breach are aprarent.

A satisfactory explanation for this behavior was no, ueveloped.. It may be

the result of vertical velocity' -i,, u n~ s irmediately upstream of the dam

seeking and reaching equilibrium -tfter a nomentary overshoot

16. Plates 57 and 58 illustrate the. :ffect of z,_ b:each size on the

stage at the lam for various times after dam breach. Plate 57 illustrates

this effect 2or test conditions 1.2 through 4.2 which are partial width-

full depth breaches (Db/Yo = 1.0; Wb/Wd < 1.0), while plate 58 shows the

same effect for test conditions 1.2, 7.2, and 8.2 which are partial depth-

full width breaches (Db/Yo 1.0; Wb/Wd = 1.0). Both of these plates com-

pare the results of this test spri-q with those obtained in the first test
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series and indicate that tre larger the breach size, the more effective is

the roughness in slowing the rate e decrease of depti at the dam as t

becomes increasingly large. For small values of t (let t approach

zero), there is little or no difference in stage levels at. the dam between

the first and second test series. This implies convincingly that, fc simi-

lar breach conditions the maximum stage immediately after breach is uninflu-

enced by roughness effects so long as free flow exists, i.e. no tailwater

effect. Plates 57 and 58 may be used to estimate the stage at the dam as a

function of time after breach for any size of partial width-full depth or

partial depth-full width breach.

17. Downstream from the dam. For the an:ibase-flow tests, the down-

stream hydrograph commenced with the arrival of the positive wave (flood

wave) at the particular station being monitored. In general, the flood

wave was steep-fronted in shape and progressively decreased in depth with

time (no appreciable oscillations were noted in the flood-wave shape). For

every test condition, the maximum observed depth of the flood wave de-

creased as it moved downstream. Also, the time interval between the flood

wave's arrival and its peak stage continually increased with distance down-

stream from the dam. Fig. 8 is 0

a dimensionless plot of the L . . i- AI
peak stages recorded at sTa .J>O

as a function of breach size

for both thc first and second

series of tests. The data fall

on three distinct curves which I.

represent the three breach re-

gimes, viz. partial depth-full '- -i

width, partial twidth-full depth,

and partial depth-partial width.

18. Although the data

for either test series are not 0.. .o

altogether conclusive, there ex- - ,.

is-s a rather definite trend for Fig. 8. Dimensionless plot of maximum
downstream stage (sta 350) as a func-

the flood wave ho reach a degree tion of breach size (nonbase-flow

of stability by the time it has tests) and shape
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traveled a distance downstream equivalent to approximately 100 Y The

information shown in fig. 8 can ther. ore be used to es. tnaLe the height of

the maximum flood wave that might be expected at stations farther down-

stream (Xd ? 350). The figure also establishes approximate limits for the

maximum depth of the flood wave for riverbeds whose slopes approximatL

0.005. When roughness is very low (channel is smooth an! straight;, -he

maximum depth of the flood wave at considerable distances downstream will

approximate 0.25 Yo ; when the channel exhibits considerable roughness, the

maxium stage will approximate 0.4 vo . These observations apply when the

entire dam is removed instantaneously. Should the dovns '_t.i channel di-

verge yet remain essentially straight, tne flood wave woulo. likely be char-

acterized by a more gradual rice and would have a less.er maximum depth than

predicted. Conversely, should the chant-el converge and/or meander, the

flood wave would likely have a steeper iront and a ,jreater maximum depth

than might be predicted from the above results.

19 Cnrmparison of the nonbase-flow stige-time hycrographs obtained

in these tests for stations downstream of the dam with those obtained in

the first series shows that: (a) the flood wave traveled downstream -,nder

conditions of supercriical flow in the first serics cnd at subcr4A9'-l

flow in the second, (b) for the same breach size and at the same downstream

ststionf the Peak stages wcsrc a reaLer in the second series than in

the first, and (c) for the same breach size and at the same downstream sta-

tion, the lanrtl of time between the flood-wave arrival and the peak stage

was greater in the second test series than in the first.

Stage-time hydrographs,
base-f]cw tests

2 0. The dellneatic: of

vario.As base-flow ter'nnc -

" c O .,XA' ,.. fig. 9.

v The water-surface profile for

all test conditions prior to

F~. 9. Scneratic diagram of actual breaching is defined
water-ourface profiles, before

and after braoch, for base- by ABCFG. Likewise, the fi-

flow teot conditions nal water-surface profile for

full breaches ts defined by
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AG and for partial breache- by ADEFG. The discharges ased in the formation

of the base flows were the same for both test series. The tabulation below

presents the discharges used and the respective base flow depths for each

test series:

Base Flow Base Flow Depth, ft
Discharge, cu ft/sec First Seri.es Second Series

1.00 0.1 0.32
3.07 0.2 0.56

21. At the dam. The influence of the base flows on the stage-time

histories at the dam was not. appreciable, as shown J, plates 39, 43, h , 52.

and 55. Generally the stage imnediate,.' aZ-er the breach Y;as about the

same as in the nonbase-flow tests. At later times, however, the stage at

the dam was, as might be expected, greater than in the nonbLse-flow tests.

22. Downstream from the dam. S~age-time hydrographs for the base

flows downstream of the dam are shown in plate . 40, 44, 48, 52, and 56.

The shape of the flood-wr've front was similar to the ohapes noted during

the nonbase-flow tests, i.e. a rather abrupt rise to the peak stage fol-

lowed by a gradual decrease in the depth of flow. With increase in down-

stream distance from the dam, stages decreased and the time interval be-

tween the flood-wave arrival and the peak stage increased for eve2ry test

case, the flood-wave duration 1 ___ I
was longer in the second test 5J

series than in the first. o---, H-i-. --A--
Fig. 10 shows, by dimension- M PEP CA (

less plot, the maximum down-

stream stages observed at bta 2vA" r'owL w 'R"C'("'SS .

350 for the base-flow test I .- p !--- --

conditions, and 1-mpares t!, 01PP fTO

maximum stages observed at - t - . - - -....... .
sta 350 fo4- both test series. I___,.____

O S Ole .0

Discharge-time w. o_
hydrographs at the dam *1 .

23. Nonbase-flow tests. Fig. 10. Dimensionless plot of maximum
downstream stage (sta 350) as a function

The discharge-timc hydrographs of breach size (base-flow tests)
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at the dam for the nonbase-f_'ow test conditions are shoifn in plates 59

and 60. The maximum discharges in r"L tests occurred au the instant of

dam release. Comparison of these maximum discharges shows the effect

of breach size on the maximum discharge. The following tabhuntion o-'-

sents a comparison of the experimentally obtained peak discharges for

both the first and second test series with the values obtained using

Schoklitsch' s equation, 
1 2

8 % Y 3/2Qmx = 2o

The development of this equation into a fori appl.icable for the type

breaches studied herein is given in Report 1.

Comparison of Maximum Discharges at the Dam.

(Nonbase-Flow Tests)

Test Maximum Discharge, cu ft/sec
:Oad!iion First Test Series Second Test Series Schoklitsch

1 6.50 6.41 6.72

2.

3 2.67 2.47 2.72

4 1.70 1.54 1.62

7 3.57 3.42 3.70
8 1.42 1.43 1.66

11 2.52 2.53 2.52

12 0.56 0.63 0.67

The average deviation of the first test series data from the data computed

using the Scbnklitsch equation is about 4.7 per cent; the deviation of the

data of the second series from the Schoklitsch data is about 5.5 per cent.

These variances are small and indicate that roughness has little or no

effect on the magnitude of the peak discharge whieh seems to be almost

entirely a function of breach size and shape.
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24. Fig. 11 is a plo* of _.

the maximum discharge at the dam I _ _ _ _

as a function of breach size for

the three breach regimes inves-

tigated. From the curves pre-

sented, the approximate maximum ---- -

discharge can be determined for

a variety of breach patterns

other than for the specific pat-

terns tested. Since the valtues

of Qmax for comparable test ., CS . 0

conditions are essentially equal

for the two test series, there Fig. 11. Maximum discharge at the dam as
is very little difference be- a fun2tion of breach size and shape

(nonbase-flow tests)

tween this curve and its equiva-

lent in the first report, ] 5

25. A more generally applicable plot, which relates in dimensionless

form the maximum Aischarge at the dam to the breach size, is presentA.,d in

fig. 12. The tabulation in paragraph 23 presents the data from 1;h1ch the

plot was made. The curve shown agrees with the data presented in the first

report, aud Lherefore has tne same empirical equation, namely:
1'd Yo o.28

ax o.29 WbDb W Db

From thi s relation, the value

of the 'Amura discharge

I K' . - issuing through a given bi.each

can bcmputed orovidcd

I .! - -i i I- .

_1.0 y 9 20

. A ,The accuracy of the prediction

will improve as the term

Fig. 12. Dimensionless plot of the maximum / W
discharge at the dam as a function of( d • 0 approaches 1.0,

breach size (nonbase-flow tests) b D /
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since less experimental scatter was observed near this value.

26. Plates 61 and 62 show in dimensionless form -ne relation of the

discharge-time hydrographs noted at the dam for each test series and the

vazious test conditions. The plots reveal that the discharge at any given

time after breach is highly dependent on the elapsed time after breach and

the total volume in storage that lies above the breach level (V, =2.... 56

cu ft). in every case the curves of the second series initially lie below

those of tne first series. Eventually, the curves cross and the second

series curves lie above the first series results. Since the total volume

of outflow is roughly equivalent in each test -:er-e_ fo -. cc:5oarable test

conditions, when allowances are made foz the storage volu:.e lost due to

water being impounded by the roughness strips, the areas beneath the curves

for comparable test conditions are appioximately equal. Integration of

these curves serves as a check on the validity of tne plotted discharge-

time hydrographs.

27. Base-flow tests. The dischare-time hydrographs at the dam for

each test condition are given in plate 63. The following tabulation com-

pares the maximum discharges at the dam for the various base-flow teC t

conditions.

Comparison of Maximum Discharges at the Dam

(Base-Flow Tests)

First Test Series Second Test Series
Maximum Maximum

Test Discharge* Test Dischbage
Condition cu ft/sec Condition c11 ft/sec

1.1(10) 6.7 1.2(32) 5, 4

1.1(20) 7.8 1.2(56) 6.77

2.1(10) 5.0 2.2(32) 4.64

2.1(po) 6.5 2.2(56) 5.85

3.1(10) 3.4 3.(32) 3.27

* Obtained from plate 89, Report 1.
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Fig. 13 presents a plot c_

the maximum discharge at the i 1 • I --r
dam as a function of the I
breach size and compares I /: -- i
these results with those of -_.. ._"
the first test series. The

curves may be used to esti-

mate the maximum discharge Ii [ !

that would result from a vari-
ety ofbreachs havig the-

ety of breaches having the

base flows indicated. Also, .. .

comparison of the curves dem-

onstrates that greater maxi- Fig. 13. Maximum discharge at the dam as
a furction of broach size (base-flowmum discharges occurred in tests)

the first test series.

28. In spite of the added roughness to the flune bottom and sides,

the time interval during which the discharge decreased from the observed

maximum to the base-flow discharge is not greatly different from the time

histories observed it the first test series. The dimensionless plots in

plate 64 show a greater apparent difference; however, this difference is

cetnuated by the fact that the V t ...l lb d reased from a storage

volume of 4O cu ft in the first test series to approximately 350 cu ft in

the second series. Insufficient data exist upon which to base a more elab-

orate iAterpretation of the base-flow results.

Discharge-time h: dro-
graphs, downstream from da

29. Noubase-flow tests. Plates 65-68 present both the velocit ,t.me

and the discharge-time hydrogr..ihs at the three downstream station.b wh,-re

observations were obtained dJuing the noribase-flow tests. : _ 14 g ves

the velocity-time data for these tests.

30. The maximum discharge attained by the flood wave decreased from

its peak at sta 200 to a lessei value at sta 350 in each of the various

tests. The amount of this decrease was dependent upon the breach size; be-

tween the breach section (sta 200) and sta 350, the maximum discharge of

the full-breach test decreased about 75 per cent. For the smallest breach
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(test condition 12.2), the decrease in maximum discharge .ver the same

range was approximately 30 per cent. 2y graphically inttg.ating the

discharge-time hydrographs over the time range common to each test condi-

tion, the volume of flow past each of the observed downstream stations was

obtained. Allowing for the additional amount of water between the da n s-d

the observed station, These volumes were compared with the total outflowr

tiLrough the given breach. Using this technique for computing total flow,

the average deviation of the downstream volumes when compared to the brea(1h

outflow was 5.7 per cent (the maximum was 12.8 per cent). Considering the

scope of the test conditions, it is flt tbat t . rclativel1 E'mall errors

that accrue justify the use of the procedures described in paragraphs

11-13.

31. Base-flow tests. Plates 69-71 present both the velocity-time

and discharge-time hydrographs at the three downstrmem stations observed

for the various base-flow tests. Table 15 gives .. vcc j-ti t^-time data

for these tests.

32. The velocity-time hydrographs for the downstream stations under

base-flow conditions are characterized by an increase in the velocity oove

those common to the nonase-flow tests. However, the increase was of short

duration, particularly for the 56 per cent (0.56-ft) base flows.

Upstrpn rngtiv wav

33. Nonbase-flow tests. The average arrival time of the negative

wave at vario-us stations upstream from the dam for all the nonbase-flow

test conditions is shown in plate 72. The arrival times associated with

the first test series as well as the theoretical arrival time as given by

the equation ta = -7 .6 [(1 - 0.005 Xu )!/ - 11 are ii::Iuded, also for

-omparison. The development of this tbhc-.etical arrival-time euluaticin i

given in pagraph 54 of the firsL report.1 5 The average of the arri a

times from the second test series does not a.yree with th ' 'ei,±cal

values as closely as did those of the first test series. Some variance

is to be expected as the wave travels into the snalloier depths where

it begins to be affected by the roughness along the bottom; however,

the agreement is close enough to conclude that the flume roughness has

little effect on the arrival time of the negative wave other than at
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the very upper end (shall'w reaches) of the reservoir.

34. Base-flow tests. The negative-wave arrival times at various

upstream stations from the dam for thz base-flow test conditions are shown

in plate 73. As might be expected intuitively, this plate shows that the

irregular water surface caused by the base flow through thc reservoir. with

its attendant downstream velocities, has a pronounced effect on tne .. paga-

tion rate of the negative wave. The plate also shows that the vari.ations

in breach Lize havc little cffcct on the propagation of the negative wave

when the flume roughness and the base-flow discharge remain constant.

Downstream positive wave (flood wave)

35. Nonbase-flow tests. eaef 71', , 7 snow p-lots of '.he flood-wave

arrival times from time of breach at three downstream stations. Plate 74

presents the data obtained from all th- full depth-partial width breach

tests, plate 75 the full width.-partial depth test eesults, and plate 76 the

partial width-partial depth test results. The positive-wave arrival times

for comparable test conditions from the first test series are also shown in

each of these plates. Considering all the nonbase-flow tests in both test

series, the speed of propagation of the positive wave varieb directly with

the initial discharge through the breach section and inversely with the

roughness of the flume. In every test condition, the velocity of the posi-

tive wave gradually decreased as it moved downstream.

36. Base-flow tests. Plate 77 is a plot of the arrival time of the

positive wave at threc downstream stations from the dam for the base-flow

test conditions. The downstream propagation speed was affected directly

by the initial breach discharges and the velocity of the base flow (which

was itself affected inversely by the flume roughness). Simi?2ir to the

nonbase-flow zest conditions, the positive-wave veloci.t of the ba5..-Low

tests gradually decreased as the wave rogressed downstream.

Conclusicas

Improvements in test procedure

37. Five major changes, listed in paragraph 8, were incorporated in

the methods of obtaining test data in the second beries of tests. All of
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these changes were helpful in improving tht efficiency of carryi:g out the

model bests.

Stage-time measurements

38. At the dam. As in the first series of tests, the stage at the

dam for the full-breach test dropped immediately to essentially one-half

the prebreach depth, which agrees with the findings of St. Venant' a!.,.

Schoklitsch.12  Plates 57 and 58 compare the effects of breach width and

depth on the outflow depth for the two test series. Both of these plates

show that the larger the breach size, the greater is the effect of flume

roughness on the maximum stage observed at the dam.

39. The influence of the base il~wb 3n the stage-t n histories at

the dam was not significant, since the stage immediately after the breach

was about the same as in the nonbase-flow tests. At later times, however,

the stages at the dam were, as might bc expected, greater than those in

the ncnbase-flow tests.

40. Downstream from the dam. The ruximum observed depth at the

recording station farthest downstream from the dam was considerably greater

in the second test series than in the first for comparable test conditions.

This increase in depth varied from 60 per cent when the entire dam was re-

moved to as much as 150 per cent for the smaller breach conditions.

41. From the esult+on may co....d h:m whmu an entire dam is

removed instantaneously, the maximum depth likely to be encountered at

large distances downstream from the dam (Xd > 350) will be about Yo/2 for

rough channels and about Yo/4 for smooth channels. These observations

apply only to those cases wherein the channel slope approximates 0.005

and where the channel is relatively straight and of .iform t..dth.

42. The base-flo; tests revealed a substantial increase in the

maximum stage as compared to Lnse in tue first test series. Ar ,a n.0,
maximum stages twu to tniec viwes as great were observed (s ;' L ;O.

At later times in the hydrograph, this same trend is apparent. The

greater depths of flow are attributed to tht Lobptantial increase in

roughness, the effect of which becomes increasingly pronounced as the

stage decreases.

Discharge-time measurements

43. At the dam. Results of Uihe recond test series show that
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roughness had little or no effect on the maximum discharge at the dam,

which seems to be entirely a funct:cn of the breach si.. and ahape. Henze,

the empirical equation

We Yo< "0 2 8

ax o.9 Wb 3/2 (- - O--nax bW b Db /

developed in the first test series is equally applicable to the se-:ond

series. The decay of discharge with time for nonbase-flow conditions is

obtainable from plates 61 and 62. Similarly, the variation of discharge

with time for the base-flow tests ::ay be obtai ned f'cm ']ate 64.

44. Downstream from the dam. la all of the nonbase-flow tests of

the second test series, the maximum discharge decreased in magnitude with

increasing distance downstream from the dam. This trend, though not con-

clusive, was implied in the bae-flow tests also in each case, the amount

of the decrease w.ac dl cendcnt on the breach s 4e.

Propagation of the negative wave

45. A comparison of the negative-wave arrival times for all of the

nonbase-flow test cond tions of the first and second test series indicates

that the negative-waie propagation speed is indcpcndcnt of breach size or

reservoir roughness except near the upper end of the reservoir. A similar

comptuLibuai uf Lhe bae.lwteLu±eults iidIcuaGeb LlaL wiie LIL±UVe-WuVt

propagation speed is definitely reduced by the base-flow velocity through

the reservoir.

Propagation of the downstream flood wave

46. Considering all the test conditions of both series of tests, no

average propagation speed could be deduced for the Dsi-ive idve because

the wave velocity vaf.ied directly with the initial discharge through the

breach section and inversely .ltn the flume roughness. For 0vcr, Ge;. con-

dition the front velocity uZ the flood wave gradually decr ... . ae

wave progressed downstream.

Applications to Prototype Situations

47. Extrapolation of these results to prototype situations is

limited to those cases that are geometrically similar to the condition.
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tested in the model.. Significant departure irom this limitation may yield

completely erroneous results It is believed; however. that tnese results

may be applied to prototype situa-.4.,b where the scale :atio (prototype to

model) is less than or equal to 100. Qualitative estimates of flood param-

eters can be computed for scale ratios as high as perhaps 200. Procedures

for extrapolating these results (as well as those contained in the fi..

test series) will be the subject of a final report. In the final riport,

studies will be made to assess the possibility of interpreting these data

using distorted scaling procedures. With this tool, it will then bi- pos-

sible to evaluate floodflows from reservoirs of different shapes and out-

flow channel3 of different slopez

Recommendation

48. During the course of thib bLudy, "Floods Resulting fr .m Suddenly

Breached Dams," several conferences were held between Waterways Experiment

Station personnel and outside consultants to evaluate the progress being

made and to formulate plans for a logical course of action in the future.

At this point it is not known conclusively,whether additional tests are

necessary to the analysis of the empirical data along the lines suggested

by analytical and theoretical studies that have been conducted or con-

tracted for by the Army Map Service, the agency assigned the responsibility

of developing means of evaluating quantitatively floods that are released

by the sudden breaching of any given dam. It is recommended that the re-

sults obtained during the first two test series be rigorously analyzed and

compared with theoretical solutions of tne dam-breach problem, and that

recommendations for additional tests, if needed, come from the study being

made by Army Map Service.
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Results of Stae-Tite Mensurenents. Test Condition 1.2

Tle, seconds Stagc, feet

lb nstream
Te 0UtrcwS ati'na Dma Stations

to lo- 20 350

0 0.20 0.i5 o.50 0.60 0.70 0.75 0.8' 0.6 0.90 0.93 0.95 0.97 0.98 0.99 1.0C L.00 0 0 0
050.93 0.95 0.97 0.95 0.83 0.75 0.56 I

L.93 0.95 0.93 0.85 0.69 0.-53 0.50 I
1.5 0.93 0.94 0.85 0.72 0.59 o.54 ----
2.0 0.93 0.88 0.76 0.66 0. C' .52 r.50
2.5 0.90 0.83 0.7l o.61 ----.--------
3.0 OO 0.85 C.77 0.,5 0.60 0.54 0.73 ----M o. 0.80 0.74 o.64 --- ------- -

, O. 0.85 0.76 0.69 0.61 0.56 0.51 ,4 0.54
--3 0-81 0.73 0.66 ---- ---- ---- ---- ---.

5 1 o.4 o.78 o.7o o.64 0.61 0.55 ".55" .5' 0.54
1 0 0.79 0.73 .66 0.65 0.58 ---- ... .5

7 1.80 0.74 0.69 0..3 0.61 0.56 ---- o.55.......
8] 0 0.76 O.7o o.64 0.62 o.6 v.56 ---------....... .28
9 .75 C.74 0.66 0.6- -------------------------.---- 0.31
10 . 0.70 0 64 0.6 0.59 0.57 0.55 0.54 0.55 U.55 0.55 0.37
11 0.70 C.10 0.6 ----.-------------------------------- 0.39
1I 0.69 C.6 0.6s 0.,0 o.. 0.7 . .................
13 0.66 o.65 o. ...--------.------- ------------------------
14 0.65 0.62 ---. .5 ----.-------------------------------
15 0.60 0.63 0.60 .55 ---- ,.57 C. 0.98 O. --------- 0.54 c.5' 0.44
16 0.59 0.59 0.9 --------------------------------------------
17 o.5 0.53 . ... ..6 c. .....................................
18 0.5 0.57 0.6 -------------------------------------------
)9 .5 ----. -.--. --.-. ---. .---. .---. -.--. --.- .---. ----. .--- 0.149
X 0.50 0.54 0.54 0.34 0.5 0. 54 t.55 0.>5 0..,5 0.55 0.54 0.55 -------- 0.49
21 0.49  .... .... .... .... .. . .. . ........................ ......
4 0.49 o.51 0.53 --------------- ---- -------- ---- -------- --------0% .48 ----. ---. ----. .--- --. -. --.- ----. ---- -. --. -.-- ---.. ---. ----. .- .

24 ("~~.46 0.4---------------------------------- --- ----- ----- --
21 o.45 ---- -- 0.50 C.51 0.54 o.114 0.514 ------------ 0.53 -.------2. 8.46 0.9 .--------------------------------- ----- - .V7 i 0. .... .... .... .... .... .... .... .... .... .... .... .... .... 0.50
28 . . 0.,4 - .---- .-- - .- .-- .- -. .--- ..- -- ..--- ..-- .-- .- .--- .---- -.-- .- .-
29 0.1- o.41 ----. --.- .- --. ---- .-- -. -.-- .--.- ---. .---- .--- ..--- .- .- .---. .---
30 0.34 ---- o.44 o.41 0.48 0.50 0.51 0. 0.53 0.5' 0.53 0.52 0.53 ---- 0.53 0.50

0.34 )o.o ----.--------------------------------------------------- 0.3'- 0.34 ----. ---. .---. .--- ..--. --.- .-- -. ---- .-- -. -.-- .- .-. ---. .--- .---- ..--. o.L)
33 0.33 -------------------------------------------------------- --- 0-.25

-- --- --------------------------------------------.. 0.50 0.28
35 0-11 0.37 0.41 0.45 .... 0.48 o.49 0.50 -------------------- 0.3! ---- 0.50 0.30
36 0.30 --.---------------------------------------------------- 0--. 33
35- 0-0 .... .... .... .... .---- -------- ---- 0--. 35

42 0.19 ----.------------ ---- -------- ---- -------- -------- ---- ---- ---- :o.
45 0.-9 0.27 0.34 0..-.---------0.4.4 0..45 o.7 o.47 ------------ 0.48 O.4 0.49 0.49 o.42
47 O,13 --------------------------------------------------. ................
50 0.16 0.25 0.33 0.36 0.9 o.41 0.43 0.44 o.46 0.45 0.47 0.47 0.46 ------------ 0.40 o.44
58 c v'^, 2 .31 0.24 ---- ---- -. 0 0. ---------------. -....... ........-............ .... 0.45
60 0. .3 .25 0.o o.33 0.56 0.33 u.4, 0.40 o.44 0.41 o.44 o.45 0.44 0.44 0.44 o.4 0 .46 0.44
65 0.15 0.21 ----------------- ------------- ---- -------- ---- -------- -------- 0.4 4
70 0.14 ---- 0.L6 ,.30 0.14 .-.- 0.36 0.5 0.42 0.41 0.41 .... .... .... ....-.... o.44 0.43 0
75 ).13 0.9 --------------. 4 -------------------- 0.4 0.40 0.41 0.4o O.4O 0.42 0.43 0.22
77 ..........------------------------------------------------------- 0.43 0.25
80 0.13 ---- 0.> 0.27 0., ---. 0.35 0.35 0.58 0.3' v.39 -------------------- -. 0.42 0.29

-----..---------------------------------------.-- ---- 0.40 -.-- 0.33
90 0.11 0.17 0.23 ---- 0.30 0.30 0.32 0.3Q '.2- 0.33 0.3> 0.36 . 0.31 0.37 .36 0.39 0.41 0.36

105 k. 0 0.1', 0.21 0.'3 (. 2' C.27 0.30 0.30 0.32 0.32 0.33 O.34 0.34 0.a4 0.34 0.34 0.35 ^."o o.hO
120 0.10 0.14 0.1' 0.21 0.24 0.-!5 0.26 0 - .30 .O 0 .31 0.31 0.31 0.30 4' 10 0.33 1 37 0.40
135 0.09 0.13 0.17 0.20 . . " . 0.25 0.26 0.29 0.28 .... v.25 2'.o 0."0 ".e6 0.39
450 0.09 0.11 ---- 0.16 0.0.0 0.' 0.23 P,0. 0.,5 0.25 0.26 0. 06 0.0 . 0. 25 V.2 ':.r34 ,).38
18O 0.08 0.10 o.14 0,16 0.10 0.20 " 19 0.23 5.22 0.13 0.e3 ).23 0.23 0 " X .2 0.2 0.5 0,.1
210 0.07 0.09 0.1, ,.1 ,.v..5 0..> 0.;6 0-9 0.19 0.20 0.20 0.21 0.20 " , " - .!..- o 0.32
240 0.07 0.09 0.11 0.13 0.1> 0.15 0.13 0 V? ). " )7 5.1'0 0.'o .15 0 13 0.19 0.23 0.29
no 0.07l 0.08 0.10 0. L 0.13 o.14 0.14 u.15 ).15 0.16 o.. 0.16 0.16 e.1, 0.15 0.17 0.20 0.26
300 0.07 0.08 0.09 0.11 0.12 0.12 0.13 0.14 0.14 0.15 0.16 0..> 0.15 0.15 0.15 0.15 0.19 0.24
360 0.06 0,0 0.10 0.10 0.10 0.10 0.13 0.12 0.13 0,114 0.1A o.1 0.1 0.13 0.14 0.16 0.20
42v 0.03 0.08 0.09 0.10 0.10 0.11 0.11 0.. 0.11 0.11 0.12 0.10 0.11 o.14
480 0.08 0.11 0.11 0.11 0.11 0.10



I
Tabkle 2

Results of Ot. i-Ttm Measurements, Text Cunditlon 2.!

Time, veronds stage, feet

_ _ _ _reA_ _ _ _ _ _ stations

0 0.20 0.35 0.5, 0.60 0.70 0.75 0.80o 0.86 o.90 0.93 0.959 ;.O 1,00 0 0 o

o.; I '. u.. U.v: 0../ 0.% O.H9 0.77 0.70 0 1 ,
1.0 0 0.93 0.95 0.95 0.87 0.75 0.71 0. 72 , 1
1. 0.93 0.40 0.87 0.76 0.'7.: .i: 0.74

3.0 0.93 0.9 0.79 0.73 0.'3 0.'3 0.73.5 o.91 C.84 0 73 0.71 0.71 0 '1, 0./ p

j.5 0.90 0.2 0.75 0.71 ---- . --- '
4 . 0. oI 0'9 0.72 0.72 0.2 0.73 0.71 0.71

0. "!. 0.7, ----.-------- ----------
' I 0.tf5 0.80 0.2';' 0.7? 0.72 0.72 0.74 ---- 0.';1
6 0.0 0.75 0.*0 ---- 0.71 -------- 0.71 ----

0. 0 0, 0.70 ---- 0.70 --- 0.71 0.71 --- 0.70 0
'I 0.77 0.70 0.( .... .... 0.70 .... .... .... ....I 0 .75 0., . .... o, .. .. .. .. ... ..', I

1 0 .7 4 (,.,I U .. o.,,7 O.-- 0. 0.69 0.70 0.7. 0. 6 0.6f; 0.33
..0 C. Gt 0.6- ---

12 o.69 o.,1 o.6 '.----, - --------- 0.36
13 0.67 o.6r o,6-- . .-------------------------------

l.6 0.63 ---------------- -------- ---- -------- ---- .
15 o.6o 0.63 O.7 ,. 6 o. ( ,, o.65 o.6', 0.68 0.66 u.t6. r.67 0.67 0.,
16 .. 0.60 ... ...................................................
17 C4.', 0.119 0. 5 0. 9.-------------------------------. ----
18 T 0.57 0.57. -- -- - -- - --...............................................
o 0.50 0.55 0.55 C.55 0-56 0.59 o.6- 0.64 n.65 o.6t 0.65 0.65 0 65 0.66 0.48
2 0.9 0.51 0.53 ......................................

25 .... 0.W ) 0.50 0.53 0.55 O, . ... ....- 0.63 -- - 0.62 0.6 .... 0.64 0,4o
27 o.150.4 -6 --------- --------------------------------- -
30 0.35 o.41 o.4. 0.-48 0.50 U.5'i 0.55 .', o. 6o .60 o.61 o.61 o.64 0.63 0.61 0.50
32 0.3, ---- -.------------------ ---- -------- ---- ---- -------- --------
33 C.-3 .---.....----..--- -------.---- ------------------ ---- 0
35 0.32 0.38 0.4.2 0.4' o.19 ------------ ---- -------- ---- 0.60 -------- 0.50 0.24
37 0.31 ------------------------ ---- -------- ---- -------- ---- -------- 0.3o
38 0.30 ------------------------ ---- -------- -------- ---- ---- -------- 0.33
40 j --.- 0.3', 0.40 0.45 o.,6 0.49 G.52 ,.-5 0.,5 0.4 05 6 0.57 0.58 0.57 0.57 0'r 0.35
4 0. ....----.---------------------. ....-....-..... ..-....-............ .. 0.38
45 0.20 0.-4 0.35 0.39 0.43 ---------------- -------- ---- -------- ---- -------- 0.4. 0
47 0.19 ------------------------ ---- -------- ---- -------- ---- 0.5 -------- 0.4. 1
50 0.18 0.25 0.33 0.37 o.42 0.44 0.46 c. j ---- 0.5: 0.53 0.53 0.53 0.55 .... 0.54 0.49 0.43
55 0.17 0.25 0.32 0.35 ----------------------------------------- 0:.44
60 o.16 0.23 0.30 o.3 o.39 o.4o o.42 o.44 o.4 ' ---- 0.51 0.51 0.50 0.52 0.50 0.50 0.47 0.45
70 o.15 O.2o o.2 -------- 0.37 0.4o 0.41 o. -- .... .... o.47 0.-45 0.48 o.47 0.45 0.i, o.Its n

C.-V-------34- -- ---- -- U------- ---- - ------ ---- ---- -0.-25

3--------------------------------------------------------------------------------------------6.1

S 0.---- ---- -------------------------------------------------------- 0.358,9 .. .. .L, ( l ..! . .. .. . .. . ... ... .... ... ... . .. . .. .. . .. . ... ... .35

90 0.11 ---- --- 0.27 0.30 0.32 0.34 0.35 0.39 O.4o 0.42 0.41 0.41 0.-43 0.42 .42 0.40 0.44 0.36
Y------- ---- --------- --------- --------- --------- ---- -------- --------- --------- ----- 37
y7----------------------------------------------- -------------------------------- ---- 039105 0.10 0.15 o1 0.25 0.213 0.28 .30 0.33 G, 0. ,6 0 .38 0.38 0.37 0.37 0--- 0.38 0.;7 0.42 0.40

120 0.10 0.1 0.19 0.2 0.'25 0.25 0.27 0.29 0.32 0.' 3 0.34 0.34 0.32 0.35 0.35 0.35 35 0 0.39 0.41
135 0,10 0.13 0,17 0.20 0-23 0.24 0.25 0,-V 0.1-9 0.30 0.32 0.31 -.- .3 2.------------. 37 0.1c.,
151. 0,09 0.12 (1.16 0.18 0.20 0.2, 0.22 0.2 2'. 0.27 0.2 .---- ... t.jo 0.30 0.30 0.30 0.35 0.39S ------------------------o.o------------ 0.26 o.26-.38165 o.or ----.. .. . . . . --- ---- ----.. .. ---- . . . . .. . . . . . .

100 o' o00 0.1() .15 o.j6 u. tt o. c.19 o.o o.?, o,. ." 2..4 . .- 0.23 0,25 0.26 9,P5 G.26 ".31 0.., 1O 0.07 9,09 O, 13 O,1. 0.15 0,)50,UV " ,,-' 0. . ,;,L u.Ll U.-I :: G-23 rr ,' PAI ".t,w' L, 33
240]: 07 0.09 0.1 0. 12 01 o.14. 1.o. ., .15 1.511 0.17 0,18 0.1/1 0.17 0.19 0.'V (,.19 .20 .3'0. <.o
;270 Gc 0.re 0.1, 0,11 .1.---- - 0.1 0 '1 0.17 O.16 0.16 0..6 O.'t --.- 0.19 ...W -,1 0.'"-
300 0,C6 0.07 0,I' " I0 , .1.12 0.1' '.- 0 v .14 o,:. 4 1 0.15 0.15 0.15 ..1 . .' : .r.;.C 0....
330 Oc- .-............-........ -....-........................ .. ..--- 0.18 C. '
3(0 0.05 0.09 0.10 0.10 0.1'0 0.10 u.11 0 .13 t.:, '..14 0.13 0.12 0 13 0.:1 .. I 0.15 0.17 0.21
420 0.07 0.0) 0.10 0.0) 0.10 (.10 0.11 ('.10 0.11 0.11 0.13 r.15 f0.'8
(.00.071 0. Cl 0.09 0.09 0.09 0.20 0. 10 .20 0.10 0.10 0.11 0.13 0.17

,.,,. ,pallable Copy



Table 3
Results of Stage-Ti=e Meas.e-nts. Test Condition 3.2

T1=e, ceconls Stage. rect

DoDnstrea=
_ , sltr-ea Stations flo Stations

.l 40 lu 100 12) 14O 150 3,0 172 I, ibo 190 19. 196 -'X -"99 2=O a25 297 350

0 0.20 0.35 0.50 0.60 0.70 0-75 0.80 0.86 0.9v 0.93 0.95 0.97 0.,8 0.99 1.00 1.O 0 0 00.5I 1 0 .93 0.95 0.97 0.97 ----..... 0.83
1.0 0.93 0.95 0.9 0.90 0.85 0.84 0.82

1.5 0.93 0.95 0.83 0.84 0.85 0.86 0.84
2.0 0.93 0.93 0.83 0.84 0.85 0.86 0.83
3.0 0.8 o.8 o.8 ---- .85 0.8) 0.83
3.5 o.0 0.85 ------------------------
3.0 0-- 0.81 0.84 0.8---0-84 0.85 0.85' 0.834.o o.87 0.8 0. .. .84 0..85 0.85 ...

5 0.86 0.80 0.80 0.84 0.83 -------- 0.85 0.82
6 ---- 0.79 ----------------- 4 ---- ----

0.80 0.76 0.77 0.80 0.83 0.82 0.83 . .---- -

0 0.'-r 0.73 0.78 -------------------- 0.83
0.75 o.74 0.71 --------------------------------

1c T 0.73 0.71 0.71 0.76 0.79 o.82 .81 0.83 0.83 0.93 0.82 0
11 0.70 0.70 0.69 ----------------------------------- 0.16
12 0.69 0.6S o.67 0.71 -------------------. . -------- 0.23
13 0.66 0.65 --------------------------------------- 0.28
14 0.65 0.63------------ ......................... .... 0.30
15 1 0.64 0.62 0. 6 0.7n 0.75 (.-78 0.80 0.83 0.8 0.82 C.62 0.81 0.31
16 0.60 0.60 -------------------------------------------- 0.34
17 o.53 o.59 o.62 ----. -.-- .--.. ---. .---- .--- ..--- .- .- .... ....- 0-35
18 o.57 ----. -.-- .- .-. ---. .--- .---- ..-- .- .-. --.- .-- . .---- .---- 0.36

0.50 o.54 0.5 o.61 j.65 0.69 o.74 0.78 o.30 0.79 ,.8o 0.81 0.3. o.8o 0.38
21 0 19 ---------------------------------------------------- 0.39

.... 0.50 0.57 --------------------------------. ------23 o.L- ----. ---- .- --. -.-- .--.. ---. .---- .--- ..--- .-.- .---. .-- - .---- ..--
25 [ 0.46 0.49 0.16 0.59 0.63 ----.---- 076 0,79 ----.------------------
8 0.35 o.43 -------------------------------- ------ - ------
30 0.34 0.41 0.46 0.55 o.53 0.62 o.68 0.71 C.T7 0.77 0.76 0.78r 0.78 0.78 0.77 0.42
32 0.33 0.40 --------------------------------------------------------
35 1 0.31 0.9 0.45 05 . . ..------------------------------------------
38 o.20 0. 29 0.37
40 0.19 o028 0.36 0.4k 0.51 0.55 0.6 o.64 0.69 0.72 0.74 0.74 0.75 0.75 0.75 0.74 ;.44
43 ---- 0.26(- -------- ---------------- -------------------------------------- 0
44-------------- ------------- -------- ------------------------ ---------------------. ,20
45 0.19 0.26 0.35 0.41 ---------------------------------------------------- ---
46---------------- ------------------------ ------------------------ --------------------- 0.25
48 0.18 0.25 ---- 0.40 ---------------------------------------------------- 0.29
50 0.18 0.25 o.34 ... o.49 0.53 0.56 o.6i o.65 0.69 0.71 0.71 0.72 0.73 0.72 0.71 o.44 0.31
5P 0.17 ---------------------------------------------------------------- 0.33
55 0.16 o.?4 0.33 ------------------------------------------------------------
60 0 . 5 0.23 0.31 ---- 0.46 o.49 0.5, 0.58 0.63 0.66 0.68 0.63 0.69 0.71 0.6$ 0.68 0.44 0.1765 .0 ---- -.-,- ----.--.-.--.-.--.-.--.-. --.-. - --. ----. ----. ----.. .... .... ....

70 0.14 0.20 0.30 0.35 0.44 0.47 o.5o o.56 0.60 0.63 0.65 0.65 0.65 0.66 0.65 o.64 0.43 0.39
75 0.14 0.20 0.-29 0.34 --------------------------------------------------------
80 0.13 0.19 0.27 0.33 O.4O o.44 0.48 0.53 0.57 0.60 0.61 0.61 0.63 0.64 0.62 0.62 0.43 0.40
90 0.12 0.17 0.25 0.30 0.38 0.4o0 -------- 0.54 0.57 0.59 0.60 0.61 0.6o 0.60 0.41 0.40 0
92------ -------- ------------------------ ------------------------ --------------------------0.19
94------ ---- --------- ---- ---- ---- --------- ---- ---- --------- ---- ---- --------- ----- 0.22

q6 -- ---- ------ ---- ---- ------------------------ ------------------------ ----- 0.25
100---------------- ------------------- ----------------------- ------------------------------0.29
105 0.11 0.j4 0.23 0.27 0.34 0.37 0.41 0.46 0.50 ----------------0.55 0.56 0.55 0.54 0.39 0.40 0.32
120 0.10 0.14 0.20 0.25, 0.30 O.0. 8 3.423 0.46 0.49 0.51 0.51 0.52 0.52 0.52 0.51 0.57 1.39 0.35
135 0.10 0.13 0.18 0.21 A.23 0.30 0.35 0.39 0.43 or.45 0.47 0.48 o.4, 0.49 o.46 -~.48 o. 5 0-- .36
15 0.09 0.2 0.16 0.20 0.25 0.2 0.31 0.35 0 L,,.I. o.4 0.44 0.44 0.1 o.,5 0.4,- v, 44 0.33 0.37 0.36
165------ ------0.15 0.17 0.22 0.25 0.28 0.31 0 3t 0.39 0.40 0.41 0.41 0.42 0.41 0,41--------
180 0.09 0.10 0.14 0.15 O.eo 042 0.2 029 0.34 o: * 0.37 0.38 0.39 0-39 0-3( 0. 38 0.29 0. 0.35
210 0.08 0.09 0.13 0.14, 0.17 0-11' 0.21 P~ , O.ec ;,. 0 0.31 '. J2 0.33 0.33 0.32 0.3? ,2 0,41 C..33
240 0.03 0.03 0.11 3.13 0.15 0.5, 0 1"r 0-~0 0. ^-- 0,25 0.37 0.28 0.28 0.29 0.27 0. 1,1 . :. Q.IZ

2" ; ---- 0.10 --- 0.14 0.13 C'.15 c,.1 1 0.20 0.2' 0.23 0.23 0.24 0.25 0.23 (.24 -- .? 0.29
300 0.07 0.10 (). 1 0.12 r'l~ (,, I 0.15 o.16 O.i9 C.20 0.20 0.21 0.21 0.~ ., 31 C". 0. 7
i60 0.09 0.10 0.10 .10 0.11 0.11i 0.13 C. V4 0.1 0.15 0.15 C, ", G.' .16 o 19 0.24
420 0.09 0.09 ---- 0.11 (. )l '.I! ..13 0.13 0.13 0.13 V-.', 0.13 0.14 0. 16 0.19
48o 0.08 0.09 0.09 0.10 0.10 0.10 0.1. 0.11 0.11 ").10 0.11 0.12 0.14 0.17
540 0.10 0.10 0.09 0.10 0.10 0.13 0.15
600 0.00 0.12 0.14
66o 0..12



Rtesults of' Stapre-'lne Yeaaurcents. vest Conliticn 4.2

Tir~e, seconds Stage, 'cet

- nstre=
wttrea= Stations D0.r Stations

Tire 40 .7C 1W 1L0 140 1506-00-17, "10 - O 190 1 9b =-O 7e- 19 0 2 -0 3'0

0 0 20 0.35 0.;,u 0.-60 0.70 0.75 0.80 0.86 0.90O 0.93 0.95 -5i- 0.98 0.99 1.60 I.00CK 0 0 0
0.5 o .93 0.95 0.97 o.96 o.9, 0.930o94
1.0 I 0.93 1.93 0.97 0.92. 0.91 0.93 0.94
1.5 ..*> 1'3 i I. I

-93 .95 0.9 0.9--------------
3 0900.93 0.9,-1 0-00.910 0.9, 9 0.92*

X60390. .e -- 0.90 --- .9-1--
11 OZ4 00).0.85 ---- 0.9 0c.90 0.90 0.9C2 0.91

0.80 0.16 0.83 0.86 ----- 0.89 0.90 ----.8 -.3--
.-1 0.73 a -- - - -- - - -- - - -- - - - --

92I 06 0.68 0.75----- ----------------------------- ---------
10 1 ,,3 o.7 0T- - 0.83 C-15 0."18 0.89 0.89 0,90 0.'-92 0.91
11 & 0. 070 --- -- --- -- --- -- --- -- --- --

K3 0.697 .8 0 4 -- -- -- -- -- -- -- -- -

12. o.66 .66 0---- ---- ---- ---- ---- .23

18 --- os 063---- ---- ---- ------------- ---- ---- --------- ---- 0.27
20 0 50s 0.55 0.62 o.6,, 0.70 0.75 M.2 Q. 84 0.86 0.8, 0.88 0.8$ C9 .90 0.29
22 I 0.2.9 C."2----- ------------------------ -------------------------------. 29
24. t 0:48 . - - - - - - - - - - - - - - - - - - - - - - - - -

25---- -- 0.6. 0.62.----- ------------------------ --a.88----- --------- ---
26 0.35 0.1.6 0.51----- ------------------------ ------------------------ ------- 0.33

30 0.,,4 0.44 0.50 0.60 0.64. 0.69 0.76 0.80 1-.83 0.85 0.26 '.26 0.87 c.8o 0.89 -
32 0.33----- ------------------------ ------------------------ --------------- 0.3
34. 0.32----- ------------------------ ------------------------ --------------------
35 --- 0.41 0.50----- ------------------- ---------- ---- 0.85----- --------------
3)6 1 0.30)-- ----- ----- --- --------- ---- ---- - ----- ---- --

38 T .-.- ...- ...- ...- ...- ...- ....- ...- ...- ...-...-...-...-...-... 0.36
40 0. 2v 0.z9 0.40 0.49 0. 5 0.0? u..68 0.75 0.79 2 R1 0 0,' 0.85 0.85 0. $, () 87 0.87
4.5 0.19 0.27 0.40 ----------------------------- ------------------------ --------- -37 T
50 0.18 C.25 0.39 U-4-1 0.57 0.6 - -------- o.-8 0.80 0.8z o.81, o.84 0.85 0.86 0.86 ---- 0
51--------------------- ----------- 0.66----- ----------------------------- ---------------- 0.13
52------- -------------- ------------------------ ------------------------ ---------------- 0.15
53------ ---- --------- ---- ---- --------- ---- ---- --------- ---- ---- ----------.-. 0.16
54 0.-i------------------------ ------------------------ ------------------------ ------ 0.18

S5 -- ---- ------ ------------------- ------------------------ ---------------- 0.18
60 0.16 0.2 4 0.37 0.2.5 0.55 0.59 ---- 0.69 0.7, 0. P, 0.80 0.82 0.81 0.83 0.8-4 0.84 ---- 0.23
70 ---- 0.23 0.35 0.44 0.53 0).57 0.63 0.68 0.73 0.76 0.73 0.80 0.80 ---- 0.82 0.82 0.38 0.30
8o ---- 0.21 0.34 0.42 0.52 0.55 o.61 0.6 0.71 0.74 0.75 0.77 0.78 ---- 0.80 0.78--- --90 0.13 0.19 0.31 0.2.0 0.49 o.5 0.59 ---- 0.69 0.72 0.72. 0.75 0.75 0.76 0.78 0.77 0.37 0.34 T

105 0.11 0.17 0.2 9 0.36 0.486 0.51 0,56 0.61 0.65 0.70 0.71 --- 0.72 0.74 0.75 0.7P2.-----------0
112--------------------- ------------------------ ------------------------ --------------------- 0.12
114--------------------- ------------------------ ---- -- --- ---..- --- ------ .... 0.19
116--------------------- ------------------------ ------------------------- ---------- ------ 0.21
l18--------------------- ------------------------ ------------------------ --------------------- 0.22
120 o.4u u.4>... 0.34. .. 42. U-47 o.54 (.'3-- u. f6 0.68 -- 0.70 0. 3 0.72 0.72 0.35-- '.025

12------------------- ------------------------ ----------- 0.69----- ------------------------- 0.25
:2---- ---- --------- ---- ---- --------- ---- ---- --------- ---- ---- --------- ---- ----- 0.26

130--------------------- ------------------------ ------------------------ ---- - ---------------. 28
136--------------------- ------------------------ ----------- 0.67----- --------- --------------- 0.30
150O 0.09 0.13 0.21 0.30 0.38 0.43 0.48 0.53 0.58 0.60 0.62 o.64 0o65 -.65 0.66 0.65 0.33 0.31 0.32
180 0.09 0.11 0.18 0.22. 0.33 0.37 0.43 0.2.7 0.52 0.55 0.57 o.59 0.' 0.60 0.61 0.60 0.32 0.30 0.33
210 --- 0.10 0.14j 0.20 0.28 0.313 0.38 0.L2 ().!,' 0.10 0.52 0.54 0 - . , 0. . 0.54 --- 0.28 0.32
240 0.07 0.09 0-,12 0.16 0.24 0.0! 0.34 0.,33 0. 42 0.46 0.47 0.5-.50 0.0 Z.105 .8 L.27 0.31

270 - 0.11 0.14 u.el o.23 0.29 0.%l 0.38 0.41 0.43 0.45 0. C, 0.4.5 0.46 0,46 o.2,6 ..Zx 0.29
300 0.0 0.10 0.11 0.17 0.10 . .;.3 , 0. -v39 0-.41 0.' A.41 A.243 0; ^. .24 4..25 0.28
330--- -------- ------ 0.14 0.16 0.2 0.L5 0.jO 0.32 0.35 0.3b 0.36 0.37 0.33 0 01 c 3 0.26

O-C0A 0.09 0.10 0.12 0.13 -'.2 0.!6 0,53' 0.31 0.33 0.33 0.3 3' .34 ?.~ 0- .'
390------------------------S18..3 0.22 0.26a* 0.27 --- 0.30 0.30 0.. -%, -) ---
420 0.08 0.0 o. 09 0.10 0.10~ 0.14 0.15 0.20 0 -1 05 0. 25 0. 2,, 02 ." .,- .. 0.1 0.20 0.23
2.80 0.6S 0.2.3 0.09 0.-0 0. 12 0.ji 0.1v J. f l 0.20 , 0.20 k~ O .k,2 0.15 0.18 020
540 0.07 0.0 W .0',) 0.09 0. 11 0.12 0).14 0,15 0.15 0.15 0.16 0.15 0.14 0.16 0-.8
600 0.09 0.09 0.10 0.10 0.11 0.10 0.11 0.12 0.22 0.11 0.14. 0.16
660 0.10 0.09 0.09 0.10 0.10 0.13 0.1.
720 0.09 0.08 0.12 0.13

780 0.11 0.12
840 0.11



Ta le 5
Results cf Sta.e-TI~e Messuezents. Test Condition 7.2

Tl-e, seconds Stage, feet

Downstrca
_ stream 31,tios Da-- Stations

Tir-e -4-0--(6 20 140 1I(F -165-- 7- ~ 2 v 9 ' 2 0 5

0 0.20 0.35 ,.50 0.60 0.70 0.75 0.8o 0.6 0.90 0.93 0.95 0.97 0.93 0.99 1.00 1.00 0 0 0

1.0 1 .095 0.97 0.95 0.91 0.79 0:7
1 T 0.95 0.90 0.86 )78 0.79 08
1.5 0-93 0.9 8 0.6 0.80 0.78 0.80 0.78

0.93 0.90 0.60 0.7p 0.79 0.78 0.77
2.5 T 0.90 0.85 076 0.78 .............
3.0 0.90 0.87 0.80 060.76 0.76 O.'7o 0.76
3-5 0.89 0.82 0.77 --------------------
4 0.86 0.77 0.76 --------------------
5 0.840.80o0.73 0.75 0.75 0.76 1 77 0.76 .15

6 0 .8 0 0 .76 0 .7 3 .... ... . ... . .... .. .. ....
7 0.780 0.75.72 0 .72 .----------------------
8 0.78 0.71 0.72 .-------------------------
9 075 0.75 0.68 ------------ ------------------
10 T 0.72 0.71 0.68 0.70 0.70 0.73 0.73 0.74 0.76 0.75 0.74 0.24
11 0 .70 0 .7 0.68 ----------------------------------- 0.29
12 0.69 0.67 0.65 0.66 -------------------- ---------- 0.32
13 o.66 o.65 .---------------------------. - .- -0.3
1 0.65 - 0.64 ---- ------------ 0.3
15 0 .6c 0.63 o.60 -- o.64 0.69 0.ES 0.7' -.-. 0.73 0.7 ----.---- 0.38
16 0.59 0.60 ---- o.62 ---- -----------------------------------
17 0.50 0.57 0.59 0.5 ---------------------------------------- 0.40
20 0.49 0.54 0.55 0.5 0.60 0.62 0.67 0.67 0.70 0.71 0.71 0.73 '.73 0.72 o.43
2 0.47 0.51 ------------------------------------------------ 0.42

25 T ---- 0.47 0.52 o.54 0.58 0.61 0.65 ---------------------------- 0.47
27 0.35 0.42 ---------------------------------------------------- 0.47
30 0.33 0.40 O.4), 0.50 0.52 0.56 0.60 0.64 ).65 0.67 0.t 0.69 0.70 0.70 0.70 0.48
35 0.20 0.30 0.37 o.41 -------- .55 ------------------------------------ 0.1. 9 0
40 0.19 0.27 0.35 0.10 0.48 0.49 o.54 0.56 0.60 0.61 o.6O4 -65 0.6 0.68 O.80 0.67 0.48 0.25
)42 0.19 ------------------- --------------------------- ----------------------- ----- 0.30
45 o. 6 0.26 0.33 --------------------------------------------------- 0.47 0.35
50 0.'6 0.24 0.31 0.37 C.44 .46 0.50 0.54 o.5A 60 ,.r 0.64 0.64 0.65 V.65 0.64 0.45 0.37
55 0.15 0.23 ----------------------------------------------------------- 0.40
60 0.15 O.21 0.30 c.j5 o.40 o.43 0.48 0.SI ---- 0.57 0.58 o.61 v.61 0.63 0.64 0.63 0.44 O.4O
70 0.14 0.20 0.27 0.31 0.38 o.4o o.45 0.49 ---- 0.55 0.56 0.59 o.60 o.61 o.61 0.60 0.44 0.43
75 0.13 ----------------------------- 0.52.---- ---- - ------------------- ---- 0.43
80 ---- 0.1 0.-25 0.30 0.35 0.37 0.43 0.47 .... 0.53 0.55 0.57 0.58 0.59 0.59 0.59 0.4. 0.42 0
83 ---------------------------------------------------------------- 0. -.. 0.21
85 -------------------- ---------.- . . .. . .. .. ..---- ---- - - ----- 0.42 0.25

7----- ---- --------- ---- ---- ---- --------- ---- ---- --------- ---- ---- --------- ----- 0.27
50 O.11 O.16 0.23 0.27 0.34 0.36 0.41 0.45 0.50 0.51 0.53 0.55 0.56 0.57 0.59 0.58 0.40 0.40 0.30
95 -------------------------------------------------------------------- 0.40 0.33
105 0.10 0.15 0.20 0.25 0.30 0.34 0.39 0. 43 0.47 0.50 0.52 0.54 0.54 ----------- 0.35 0.40 0.35
1M0 0.10 0.14 0.19 0.23 0.29 0.31 0.36 0.40 0.45 0.47 0.50 0.51 0.52 0.54 0.54 0.54 0.34 0.38 0.38
135 ---- ----- 0.16 0.20 0.-27 ---- 0.35 .... .... ........................... ------- 0.36 0.37
150 0.09 0.11 o.1V 0.19 0.25 0.29 0.33 0.3 0.42 o.44 0.46 0.49 0.49 0.50 0.50 0.50 0.29 0.34 0.36
165 ---------------------------------------------------------------- o.26 0.31
180 0.08 0.10 0.13 0.17 0.22 0.25 0.30 0.35 0.40 0.42 o.45 o.46 0.47 0.48 0.49 0.49 0.25 0.30 0.34
210 0.0S M . 1 0.15 0.20 o.2j 0.29 0. 4 0.39 0.42 0.43 0.45 .... 0.47 0.47 0.47 0.22 0.,6 0,31
240 0.07 0.10 0.13 0.19 0.21 o.27 0.3^ 0.38 0.4o o.42 o.44 0.44 c.5 0.45 0.45 0.20 0.24 0.28
270 0.10 0.11 0.17 ------------ 0.36 -------------. .4-5 -----... 0.17 0.21 0,25
300 0.09 0.0 0.16 0.19 0.25 0.30 0.35 0.37 0.40 0.42 C.43 0.44 0.45 o.44 0.15 0.20 0.23
360 0.08 0.10 0.15 0.18 0.2' 0.29 0.34 0.37 0.39 0.41 .42 0.44 0.44 0.44 0.14 0.16 0.20
420 0.09 0.14 0.17 0.24 0.:9 0.3:4 0.36 o.18 0.40 0.4i 0.43 0 43 0.43 o.2 o..4 0.7
480 0.17 0.23 0.2a 0.34 0.36 0.58 0.41 0. 0.42 0.4. 0.42 0.11 0.13 0.15
54o 0.23 0.28 C.33 0.40 0. ,, 0.10 0.12 0.14
600 0.23 0.27 0.33 0.39 0.40 -',,1 0.13
66o C 0o 0.12
720 .13.



Table 6

Results of Stae-'Pile Mcesureents, Test Condition 8.2

Tim, seconds Stag,, feet

Downstream
Up.^.rcam St-tl __ Do Stations

Time '.0 70 100 12(. --40 150 10 1"7 '2 1O -9 15 =2 2 = =6

0 0.20 0.35 0.50 o.6o 0.70 0.75 0.80 0.86 0.50 0.93 0.95 0.97 0.98 0.99 1.00 o 0 0 0
0. 0.93 0.95 0.97 ---- 0.95 0.93 0. 90 I I

1.0 0.93 0.9> 0.96 0.93 0.90 0.94 e.93
2 0.93 0.93 0.89 0.92 o.9 0-93 0.-93 0.90 0.89 0.88 0.89 0.90 0.91 J. 93 o.<f t

0. 0.86 0.86 -------- 0.9o o.91 --------
5 0.85 0.83 ---- 0.88 0.90 -------- 0.92 0.92
6 0 0.1 8--------------------------------7 t 0 o8 0.78 -- -- -- - -8- -- -- -

A ~0.75 0-73 o0 ---- . .-- .-- .-.-- - .---- ..-- .-- .- .. .....-
10 T 0.74V 0.75 0--- o.82 0.85 0.67 0.89 (,.go 0.9 0.92 0.92

S0.70 .7 ..---.-- ---- -------.. .. ..---- --. ---.
i2 o.69 o.69 0.7h - . 0... ... .. - ... .9 .. .

o.68 --- 0 - .------------------------------------

14 0.65----- ----------------------------- --------------- -- 0
1 .o------------------------------------------- ------------ --02

6 ---- 0.64---- ----.... . ... 0. .8 .87 . 3 0.8 0. . v17 0,59 ... .. . .. . . ... .. . . .. . .. ... .. ... .. . .21
18 0.58 ----. -.-- .--.. ---. .---. .--- ..--. --.- .---. ---- . .-- .- .-- o.23
20 0.9 0. 0.8'- 1-86 s" 0.89 0.-4L 0.9) 0.26
2- o.49 o.5 .------------------------ ---- -------- ---- --------- -.27
25 - 0.48 0.53 .----.-------------------------------------------- 0.29
25 0.35 o.46 .---- .62 ------------------------------------ ---- -30

35 020 0.3 .---- .51 --------------------------------------------------.
7o --- o.29 o 00 0.56 o.60 0.70 0.74 0.76 0.79 0.8 o .86 0., 0.86 0.8q 0.89 0.32
50 o.14 o.26 0.400.490.5 o.61 n 7 0 .7 - C. -. 0.84 0.85 0.83 0.87 0-85 0.88 0.33 0

60 0.13 0..0.8 o.44 U.5 0.62 0.68 0.72 0.77 0.8,6 0.83 0.8 0.85 0.86 0.87 0.87 0.33 0.31

80 0.10 0.21 0.35 o.45 0.55 -.-- 0.65 0.70 0 .75 0.7 07 J72 0.83 0. .8 0.85 0.85 0.32 0.3190 0.13 0.20 0.34 0.44 0.54 o.0' o.64 o.68 0,74 o.-76 0. 0.81 0.82 0.83 0.84 0.84 O.31 0.31
105 0.!2 0.19 O.33 O.s30o.53 o.57 o.64 0.67 0,73 0.75 0. 0.80 0.80 0.81 0.82 0.82 0.29 C 310

122--------------------- ------------------------ ----------------------------- ---------------- 0.20
124--------------------- ----------------------------- ----------------------------- ----------- 0.22
126--------------------- ------------------------ ----------------------------- ---------------- 2
130---------------- ----------------------------- ------------------------ ------------------- 023
140---------------- ----------------------------- ------------------------ --------------------- 0.26
150 0.09 0.15 O.9 0.40 O.50 0.54 O.60 0.65 0.69 0.73 0.75 ---- 0.77 0.78 0.79 0.79 0.25 0. 2 0.27
180 o. rP, 0i.14 0.23 0.38 0.43 0-52- 0.58 0.63 0.68 0.71 o.74 0.76 0.75 0.716 0.78 0.18 0.2P 0.26 0.29
210 0.oA (.12 0.26 0.36 0.46 0.c o.0 0 .6 0w u.6f Q. 10 0.72 0.?' 3.74 Q.'o 0.76 0.76 0.20 0.24 0.27
240 0.08 0.1o 0.25 0.35 0.45 0.50 o.56 0.60 0.65 0.69 0.71 0.74 0.,14 0.74l 0.'0 0.75 0.18 0.-22 0.25
270------------- ----------------------------- ----------- 0.73----- -----------------------------
300 0.09 0.k4 v.34 0.44, 0.48 0.55 0.58 o.64 0-67r 0.70 0.71 0.72 0.73 0.74 0.74 0.16 o.18 0.22

56 .~ .50.3043 0.46 0 . 0. o.64 0.66 0.70 0.70 0.71 0.73 0.73 01 .601
420 0.07 0.21 0.31 0.43 0.45 0.53 0.57 0.63 0.65 0.70 0.70 0.70 0.72 0.73 0.12 0.14 0.17
480 0.52 0.5 ---- 0.65 0.69 0.70 0.70 0.714 0472 0.11 0.12 0.15
540 0.6.. . 1. . 1 0.14
6oo 0.10 0.13
660 0.10 0.12
720 0.11
780 0.10
840 O..19



T able 7

Results of Stam, -Tize Mcasicmnts. Tent Corlition 11.2

Ti=e, seco-Ads Stage, feet,

Downstrear
Uptrea- s- ,"ens D--, Stations

v= 4o "0 lw, 12o-14o I-,o 160 172 -267-3: 9 127__' -CO 2_2o. _..o .

0 0.20 0.35 0.50 0.60 0.70 0.75 0.80 o.86 0.90 0.93 0.95 0.97 0,98 0.99 1.00 1.oo 0 o 0

0.5 0.90 0.93 0.95 0.97 0,97 0o .8 0.... ..

i 1 0 0.9 0.2 0.8 0.85 0.8 ...........

59 .85 0.81 0.80 0.83 0.83 0.83 0).,5 o.84 o.840 .81 0.79 0.80 ----. ---- .---- ... .... ....---
$ 07 0o 7 0o7 0.7 .'9 ............ -- --- --
9 0.75 0.74 o.7 ----. --.- .-- -. ---- .---- ..-- .... ....-
10 I 0.73 0.70 0.73 0.79 0.78 0.80 o8 0.8 o.8 o.8 .8 0.83o °.
1. 0.70 0.70o :069 0.71 ----. - -.. ---.. ---.-.-. ---.... .... -....
12 0.69 o.68 o.67 0.72 ----. -.-- .--.. ---. .--.. .... .... ....- 0.23
n' o.66 o.66 o.66 o.1 ----. .--- ..--. --.- .--.. .... .... ....- o.25
14 o.64 o.63 o.65 o.1 ----. --.-. -- -. -... .... .. .... ....-- 0.30
15 06 o 063 o.62 o.6 n.-, 0.75 0.77 0.80 0.80 0.81 0.83 0o, 1? 0.82 0.32

16- 0.,9 o.6 ----.. ... . ... .... ... .... .... .... .... ....--- 0.33
17 0. A,> 0.59 ----. .--- ..--- ..--- .-.-- .-.-.-- .-.--- ..--- . .... ....
18 0.56 o.5 ----. -.-- .- .-- .- .-.-.-.-.--- ..--- .---- . .--- ..- . ....
20 J:. O 0.54 0.57 0.6C 0.64 o.69 0.74 0.76 0,79 0.80 0.80 0.81 C01 0.8103
22C 0 0 50 ----. -.-- .- .-- .-.-- --- ..--- ..--- ..--- ..--- . .--- ..--....
24 0, 0. 9 Z6 ( . ... .... .... .... .... .... .... .... .... .... .... .... ....- --- ---
6 0 .44 0.47 ----. -.-- .--.. ---. .- --. .--- ..--. --.- .-- -. ---- .---. -.-- .- .-

00.35 0.41 o.44 ---... . - -- ---.--. .-- - -- ---..-.- -- ---..-.- -00o. 40 0oo4 .5 .8o63 o.67 0 '7 o').74 0.707 ': 7 079 .0079o4
32 0.32 ----. -.-- .--.. ---. .- --. .--- ..--. --.- .-- -. ---- .-- -. -.-- .- .-. ---. .---
35 0.20 0,31 0.37 0.44 ---- .. -- - o.61 0.66 ----. .... .... .... .... .... .... .... ....---
140 0.!-, 0. 8 0.3, o.43 0.52 0.6 0.60 0.65 0.70 0. 7P 0.75 0.76 0.76 0.77 0.78 0.78 0.44
144 ---- .- --. ---- .- --. ---- .- --. ---- .- --. ---- .-- -. ---- .-- -. ---- .--. ---- .---. ---- 0.1
46 .0.18 .- -. .--- ..- -- ..--- .-.- .---. .--- .---- -.- .-- . ..--- ..--- .--- .- .-- ---. .--- o,24
14,, ----. -. -- ---.. ---.. -- -.. ---. .---. -. -. --.-. ---. ----. .--- ..- - .--.- .-- .- .--- .---- 00.2
5o o.i7 o.25 0.33 o.4,0 0.50 0.54 0.56 0.63 o.68 0.70 o.-f2 0.74 0.74 0.75 o.76 o.76 o.44 o,29
55 o..15 o.24 0.32 0.39 ---- .. -- - o.55 o.62 ----. -... .... .... .... .... .... .... ....---- o.32
6o 0.x4 0.22 0.31 0'.38 0.47 0.51 0. 54 0.60 o.65 c.67 0.70 0.71 0.72 0.73 0.73 0.73 0.44 0.35
70 0.14 0.20 0.30 0,35 0.44 o.48 0.53 o.58 o.63 0.65 o.68 o.69 0.70 0.71 0.71 0.70 o.41 o.39
ao o.13 m.8 o..7 o0.51' n.42 o.46 0.50 0.% 0-61 0.63 o.66 0.6'7 0.67 0.68 0.69 0.68 0.09 0.39
go ---- 0.17 m.5 0.32 o..,, o.44 o.49 o.55 0o59 o.61 o.64 0.65 0.6, o0.6 o.67 o.66 0,.,7 0.390
94 ----. --.- .- --. ---- .---. -.-- .--.- .--. .---- .- -- ..--- .- .- .-- .- .--- ..--- ..--- ..- - .-- .- 00.2

96 ---- . . .. . .. . .--- ----.. --- ----. .. . . . .--- -- -.. .... .... .... ....- - -- - -- -- - -- - - 0.22

56 ----. -.-- .- -.. ---. .---. .--- ..--- ..-- .-- .- .- -- .---- .--- .- .-- .-.-- .-- ..--- ..-- - ..--- .0.2
t00 --- ----.-. --.-. --. --. . ---.. ----. ---.. ---.. ---. -. -. --.-. ---.. ---. ----. .--- ..-- 0.38 0.2
105 0.11 0.15 0.22 0.29 0.37 0.42 o.46 0,52 0.5 o.58 o.62 o.A o.61 0.6 05 0.66 o.35 ---- 0.27
110o ----. -.-. ---.. ----. ---. .--. --. - --. -. ---.. - --. ----. .--- -.--. --.- .- -. .-..- .-:- 0.36 0.33
115 ----. -.--. --.. ---. .- --. .---. -. -. --.-. ---. ----. .--. -.--. --.- ---.. .-.- . .---- .--- ...-- 0.31
1i0 0.10 0.14 0.1-o o. 6 o.35 0.40 o.44 o.49 0.55 o.%6 o.,,9 0 o.6 M 0.63 o.63 0.63 0.35 0.36 o.34
135 u.09 0.i2 0.18 0.24 0.33 0.38 0.41 ---- 0.5p o.55 ----..... 0.59 o.61 ----..... 0.35 ---- 0.35
150 o03 0.-, 0.-( 0. 2 0.30 0.3,5 0.40 0,41, 0.00 0.5.3 0.55 0.510:)l> 0.59 0.60 0,60 o.30 0.32 0.34
18O0o.o8 0.10 0.15 0.19 o.27 0.32 0.36 0.42 0.47 0.50 0.,52 0-54 0.54 0.55 0.56 0,57 0.27 0o.,0 0.31'
2W0 0.08 0.09 0.12 0.17 0.25 0.30 0.34 0.40 0.45 0.47 0.50 0.51 0.51 0.53 0.54 o.54 o.25 0.28 0.31
,^40 0.0 0.08 0.11I 0.15 0.P2 0.27 0.3V 0.37 0.43 o.45 o.48 0.49 0.50 0.51 0.52 0.52 0.2q2 0.25 0.28
270 0.10 0.13 0.20 0.25 ID.30 0.35 o0.40.3 0.t46 0.47 0.46 0.50 0.50 0.5o o.20 u.,"4 0.25
00 0.09 0.11 0.19 o 0.29 0.40 0:4 O~2 0 45 u.4 o.46 0. 4 5 ~i 0.49 0.19 . 0.25
'60 0. 80. 0, 0 0.11 0-26 0.32 0-37 O.h O o.43, o. 44 o0.4.- o 46 o.46 ,47 0.15 0,18 0.20
4,,Q 0.07 0.49 0.15 0.25 0.31 0.3 - 0. ^38 0.41 o.42 0.4 -45,.4 0,5 G.-.5 0.14 0.46 0.19
480 0.o7 0.od 0.14 o.25 0.30 0.35 0.36 0.40 0.bi o.43 ).44 0,44 O.-"4 0,13 .17 -'.17
540 ,Y 3 0.39 0.40 0.420.A3 0.11 v., 0.15
600 O., G. .4
6,60 0..,' 0.1.4
7V0 0. 11

7 0 0.11z



Table 8

Results of Stage-Ti:e Mleasurem-ents. Test Conditirm P9.9

Time, second.- Sta~c-. feet

Downstream
!1's-tream Stations Dam Stations

Ut.__ T- -' O 100 M___O 4 _O_ 150 L rti= .WU' .loo Igo 19 1o M: _ . 3 Q

() 0.21 0.35 0.50 0,60 0.70 1.75 0.80 o.X6 , 0.93 0.9> 97 0.58 0. 99 1.00 1. - o, ,
0.5 0 .9o) o.9 0.95 0.97 0.97 0.97 o.96 o.C !
1.0i .gc Q.93 _.9 -.. 0.96 0.95 0.96 0.96
C, 0- 0. 0-93 0o.4 0.95 0.95 0.95 0.95 0.96
3 0.90 0.91 0.93 ----. ---. .... .... ....-

0.o66, 0.89 0.90 0.93 ----. .... .... .... ....-
o .85 o.86 0.90 o.93 o.95 0.95 o.95 o.95 o.96

6 0.84 o.86 ----. --.- .- --. ---- .-- -. -.-- ....
7 0 .80 0.83 0.86 ----. ---- .---- .--. .... .... ....

9 0.75 0.7 .. . . .. .. .. .. .. .. ..
lO 0.7, o.7 o.82- 0.86 0.90 0.93 0-95 0.95 0.9 0.95 0.96
11 0.70 o.71 ----. -.-- .--.. ---. .---- .--- ..--- .- .- .---. .- ..
33 0.69 0.70 ----. -.-. ---.. -- -.. ---. -.-. _ -.. --. --._.... ...
J& 0.69 ----. --.- .-- . .---- .- -. -. -. -. --. -.-- .--.. ---. .---
15 0.60 0.69 0.70 0.76 0.82 M.6 0,90 0.93 0.95 ................
17 0.5'9 ----. ---- .---- -.-- .- .-- .-- . .--- ..---- .-- - ..-. ---. .- .-
18 0.58 ----. --.- ..--. ---- .---. -.-- .- .-- ---. .--- ..- -- ..-- .- .-

2 00 : 5 0 0 .5 1 0 -6 . ( 0 . o .,6 0 .8 2 . g .o 0 .9 3 . -, 0 . , . o .6
22 4. 9 ----. ----. .--. -.--. . -.-. .---- .---. -.-- -- .- .--- ..--- ..--- o
24 C.48 ----. ---. .- -. .--. .--- ..--- ..--- ..--- . .- _ . .-- . .--.... 0.12
5 ... 0.57 e.68 -,- C.TG C,IZ .... ... --- .93 .: 0.9 095 .... ... 0.13

26 T 0. 8 ----. _ -.. --.. -- -.. ---. .---. -.-. --.- .---. .--- .---- ..--- ..-- o.15

30 0.34 0.47 0.5% o.68 0.70 0.76 0.82 0.86 0.89 0.1)2 0.g 91 0.95 o . . O.17
35 ---- 0.47 ----. -.-- ._ -. --.. --... --... .--. -.-. .-.- .---. .--- .---- ..--- o.19
36 0.20 0:33 ----. -.-- .--.. ---. .---- .--- ..--- .- .- .---. .--- .---- ..--- ..-- .-- .- .- .
40 0.19 0.32 0oM o.56 o.67 0.70 0. (! 0.82 0 86 0 q 0.9,2 o.9

. ' ,"(. 94. 0.9', o.95 0.20
4;5 0.19 0.J1 ----. .--- .... . --. ---.. ---. ----.. - -. -. --. --. - ---. .---- .- --. -.-- .- .-
50 0.18 0.30 o.45 0.55 0.6-, 0.70 0.75 0.&'7 ---- 0.P68 0.91 0.9{ 0.94, 0. 94 0.9i; 0.95 0.2
6o 0.17 0,30 0.45 0.55 0.66 0.69 0.75 0.81 0.85 O.-88 0.91, 0.93 0:93 0,93 0.-94 0.94 0.23
70 0.16 0.29 0.41 0.55 ----..... 0-74 V.8v V.8> 0.-8 0.U9 0.93 0.93 0,93 0.914 O.0 0.22
80 0.15 0.29 o.44 o.54 ----..... 0.74 0.79 0.84 0.67 u.89 0-92 0.92 0,93 C,.-94 0.94 0.24+ 0

0:15 0:25 o.44 ---- o.65 0.60, 0.73 0.78 0.83 0. 6o Q.,; v. 91 0.92 0.92 0.93 0.93 0.24 0.14

.. . . . . . . .. . . .-- - - - - - - - - - - - - - - - - - - - - - - - -...... . . . . . . . . . . . . . . . -. .... 0. 17

100 ---- --- ----. ----.-. --. --. - -. --. -. --. --. -. --.. ---. .- .-- .---- .--- ..--- ---- .---- "--18
105 0.4 O- 0.4 O. ,-3  ---- ----........... 0.95 0.85 0.87 0.90 0,91 0.91 ----..... 0.24 0.19
M 0 .14 0.26 0.42 0.52 %.6 0.66 0.71 0 76 k,862 0.85 0.86 o.69 o.go 0.90 0.92 0.91 0.2- 0.20
150 m21 o.25 o.40 0.50 0.6 o 64 0,70 0.75 0. 0 0.84 0.85 0.87 0.88 0.88 0.90 0,90 0.22 0.21 0

180 0.10 o.24 0.39 0.48 0.60 0.63 fo.69 0.74 0.79 0.83 o.84 o.e6 0.87 0.87 0.88 0.88 0.2o 0.21 0.14

210 0.09 o023 0.37 0.47 0.59 0.62 0.67 0.73 0,(7 0.82 0.83 0.85 0.85 0.86 0.06 0.87 ---- .. --- .2O
240 O.08 0.i o.36 o.46 0.57 0.60 0.66 0.72 0.76 0.80 0.81 0.84. 0.84 0.85 0.85 0.86 0.19 0.20 0.21
300 0.08 o.19 0.34 0.41 0.55 0.55 0.64 0.69 0.74 0.77 C.79 0.82 0.82 0.83 0.83 0.84 0.18 0.19 0.21
'46 0 O- .-I 0.-3,2 0.42 0.54 0.55 0-62 0,-69 0,72 0.76 0.77 0.80 0.30 0.82 0.81 0.82 0.16 0.17 0.19
420 0.16 0.30 0.40 o.,? 0.54 0.6o0 O.r, 0.71 0.75 0.76 0.78 0.79 0.80 0.79 0.80 0.15 0.16 0.18
480 0.114 0.29 0.39 0.50 0.51 0-60 1., 0.70 0.74 0.75 0.77 0.78 0.78 0.78 o.78 o.14 0.15 o.17
'40 0.1 0.05 0.38 0.49 0.52 0.!9 0.64 0.69 0.73 0.74 0.76 0.77 0.77 0.77 0.77 0.13 0.14 o.16
600 0.27 0.37 0.48 0.51 0.5)8 u.64 0.6q 0.7z o.73 0.75 o.76 o.76 0.76 0.76 0.12 0.14 0.15

66 .603 .o .o0'606 .67 0.70 0,72 0.74 0.75 (06 0.7) 0.75 0.11 o.15 0.15
720 0.25 0.35 o.47 M.O m.5 0.0P o.66 o.69 0.72 0.71 0.714 75 0.75 0 .1. 0.12 0.14
780 o.55 0.6 C.' 9 0.71 0.73 0.74 o.74 0.10 0.11 0.14
840 0.60 o.68 0.72 0.73 o.?4 0.13
()00 0.73 0.12
()o 0.73 0.11

1020 0.73 ;.I
1080 0. 73



Ttblc 9
Ree'ts of Stage-7ire Messu:c.ents. Teat Co:Altion 1.2(32)

Ti., .ecoam s£ta.ze, feet

Wwoistream
Jpstream 9tations Th: Stations

Time 7_0 ICo MO o - -7 - 2 lo ,9 9. 9, A ) =1- F 10 2-5 20 350

00 A, Al~ (4A A 7A nIC P, 1 04)~ *r' . 9 -
0.0..5 . . 99 1.00 i. .
0.05 0.93 0.95 0.97 0.96 0.86 0.72 0.551.0 I 0.93 0.95 0.9 0.86 0.70 0.62 0.50

1.5 0.93 0.94 0.85 0.75 0.62 0.55 0.472.0 0.93 0.91 0.78 0.69 c.58 o.54 0.52
2.5 0.91 0.85 0.72 0.65 0.57 .---- ----3.0 T 0.88 0.79 0.63 o.62 0.57 o.53 0.60
3.5 0.90 0.83 0.76 u.(* 0.60 0.58 -------
.0oT 0.87 0.79 0.71 o.64 0.60 0.59 0.59 0.59
.5 0.86 0.85 0.76 0.69 -------- 0.5 -------- 0.325. ---- o.rl 0.73 -.67 0.63 ---- 0.59 0.59 0.59 0."7

6. T .82 0.75 0.69 0.66 -...... 0.59-........-0.48
7. 0.e0 U.79 0.71 0.65 o .6, ......... ..- 0 50
8. 0.79 0.73 0.68 .. 0.63 .6 .---------------- 0
9 0.75 0.78 o.o 0.66 .................................

10 .... 0.7. 0.67 0.64 0.63 0.61 0.60 0.5(' 0.59 0.60 0.59 0.55
0 71 0.70 0.65 -- ........

13 o . 7o o.69 o6 -. ---- ---- -------- -------- --------13 0.67 0.66 0.65 --------------------------------------.

15 0.65 0.65 --- u.6! 0.61 o.6, 0.6v 0 .9 0.59 -------- ----I6 v... .... 0.62 ----. .--- ..--- .-.- .-- .- .--- ..- -- ... .... ....- 0.22
17 0.6o ---- 0.61 ----. -.-- .--.. ---. .- --. .--- ..- -. --.- .-- . .--.. 0.-0 0.37le ---- 0.60 ---- 0.60 .... .... .... .... .... .... .... ..... .... .... 0.39

20 0.51 (. 0.57 0.59 Q.59 0.: 0.60 0.59 0.59 0.60 (.59 0.58 0.5 0.58 0.( 0.41
-- ---- 0.55 ------------------------------------------------ 0.44

5 0.48 0.52 0.54 0.55 0.% 0.57 ------------------------------------ o.48
7 -----.---------------------------- ------------------- 0.4930 0.39 o.6 0.49 o.51 o.54 0.55 0.55 G.57 0.56 0.57 0.57 0.56 0.56 0.57 0.57 0.58 ....

32------------- ----------------------- ----------------------- ------------------------ 0.32
35 ....--------- --- ----. ---....... ........... ----.-- ---- -- 0.50 0.3637 ---.--.------------------------------------------------ 0--. 57 ---- 0.3740 0.3,3 0.42 0.45 o.48 0.5' u.>- .;' 3 .> 1 . 3 .>34 0.54 C. 54  

0.54 0.55 0.54 ---- 0.50 0.39
45 - --------------------------------------------------------------- o.54 o.42
50 0. 6 0.3q 0.42 o.45 u.4-( 0.49 o.49 0.50 0.51 0.51 0.51 0.51 ------------ 0.55 0.55 o.44
60 0.3'. 0.38 0.40 o.42 0.45 o.46 o.46 0.4 0.48 0.49 0.49 0.48 0.48 0.49 0.49 0.53 ---- 0.49
70 0.4 ---------. 4 o .42 0.44 o.44 0.45 o.46 0.46 0.47 o.45 -------------------- 0.50
75 ----. --. -. ---.. ---.. ---. --.-. ---. ----.. ---. --. . ----. ----.. --.--- .. 4. 9 0 .51 -
80 0.33 0.35 0.35 0 j9 0.41 .--. 0.42 o.43 o.44 o.44 o.45 o.44 0.43 0.44 0.44 ...........
90 0.33 -------- 0.3, 0.39 0.40 0.40 0.42 0.42 0.42 0.42 0.41 ---------------. 47 0.49 0.50

105 0.32 o.3,4 0.35 0.35 0.37 ---- 0.8 0.39 0.40 o.4o o.4o 0.39 O.4O O.4o 0.4O 0.45 0.47 0.49
120 0-33 0.34 0.35 0.36 0.36 0.36 0.36 0.39 0.37 0.39 0.37 0.39 0.38 0.39 0.o42 0.44 o.47
150 0.32 0.32 0.33 0.33 0.35 0.34 0.34 0.35 0.35 0.35 0.34 0.35 0.36 0.36 :.38 0.o40 0.43
180 0.32 0.32 0.32 0.32 0.34 0.33 0.33 0.33 0.34 0.34 0.33 o.34 0.35 0.35 0.35 0.38 0.39
240 0.33 (.3P 0.63 0.32 0.33 0.33 0.32 0.33 0.34 o.34 0.34 0.35 0.36
A40 0.32 0.32 0.32 0.32 0.32 0.32 0-33 0.33 0.33 0.34 0.35300 0.32 0.32 0.32 0.33 0.33
360 ).3Z 0.32



Table 10

Results of Stagc-TIL u Mcasurem-ents, TestM Condition 1.2(56)

Tie, seccr s Stage, fe t

o'stream
p.:rea Stati .__ 1_a- Stations

71, -7 TU - o 5- ro- - 7 
7  i 7- 179z_ 1 V -.00 2O 5 -0 iSO

0 0.59 0.63 0.68 0.74 0.79 0.82 0.86 0.90 0.93 0.95 0.96 0.96 0.97 o.98 1.oo 0.56 0.56 0.56
0.5 i .... 0.9 .---- 0.89 0.75 0.61 0.5
1.0' 0.9 0.94 0.88 0.75 0.65 o.57 o.561.5 ... 0.88 0.80 0.68 0.o. ...5 T 0.91 0.82 o.74 o.66 0.65 0.72 I
-5 0.93 --.- 0.77 0.70 0.67 0.69 0.73 ----

3.0 0.90 0.83 0.73 0.68 0.69 0.7! 0."1 ----
3.'- - -0... ... 0.70 0.70 0.70
4 0.90 0.84 o.76 0.70 0.69 0.70 0.69 0.69 0.56
,0 .86 0 - .75 0.73 ---- 0.7n 0.70 o.69 0.70 0.63
6 0.86 0.80 0.75 0.71 .. 0.70 .. 0.0.. 0.069 .
7. 0.83 0o76 0.73 -------- 0.69 ------------ 0.66
8. T 0.79 0.75 0.72 0. ----.--------------------
9. 0.82 o.76 ----.--------------------------------
10 0.79 0.79 0.74 0.71 0.71 0.70 0.70 0.68 0.69 0.69 0.69 0.69l!.. . 0. " .... .... .... .... .... .... .... .... .... ....- -

0o.7 0.75 0.71 -.... ---- ---- ---- ---- - 0.69 c.<6
1 4 0 .7 4 0 . 7 2 o .Q , ' ---. --.- .- - .- .- - .-.-.- . . . . . . . . . . . . . . . . .
15 014 --..- --.-- . 0. . 0. 0. 0o 0.65 0.6^ ,.69 0.70 0.62
16 0.73 0.72 0.70 o.6s ---- ..--- ..--- ..- ... .... .... .... .... ...
18 0.7o 0.70o .69 .----.-------------------------------- - 0.64
20 0.68 ---- 0.67 C.67 0.68 0.63 0.69 0.66 0.67 0.68 o.68 c.68 0.70 0.65
Q3 0.63 ----. .--- ..--. --.- .-- -. ---- .---- -.-- .--.- .--. .---- .-- - ..--- .- .-
25 0.65 0.65 .... 0.66 0.66 -------- 0.68 o.64 o.65 ---- ---- ---- 0.70 -- 56
27 -.... .... .... .... .... .... ..... .... .... .... .... .... .... .... 0.65 ----

3 ........- 0.64 ------------------------------------------------ 0.59
30 0.63 0.62 0.62 ---- 0.65 0.65 0.6; o., 0.66 0.63 --- 0.66 o.6b .o6 0.68 0.66 0.60
32 o.: ------------------------------------------------------------ 0.60
35 .... 0.61 - .6------------------------------------------------ 0.6
4o 0.60 u.6o o.., o.6j u.63 u.64 o.64 o.65 o.6; -- 0.64 0.65 o.641 0.65 ---- 0.66 o.6245 T ----. --.- ----. ---- .---. -.-- ---.. ---. ----- .--- ..--- .-- . .---- .--- 0.66 0.65 ----

50 0.59 0.59 0.59 ---. 0.61 0.62 0.62 0.63 ---. 0. " 0.63 0.63 0.64 0.63 0.63 -.-. 0.65 0.63
60 0.5a 0.59 0.59 0.60 0.61 0.60 0.59 0.62 0.62 0.61 0.62 0.61 0.6 -------- 0.64 ---- 0.64
70 0.57 0.58 0.53 0.59 0.60 0.60 0.59 0.60 ---- 0.60 0.61 0.60 0.60 0.6: 0.61 ---- 0.64 0.64
75- - ------------------------------------------------------------ 0.67 ----.----
80 0.57 0.57 o.59 o.53 0.59 o.58 o.58 0.60 0.61 0.59 0.59 o.59 0.60 0.59 0.59 --- -------
90 0.56 0.57 0.57 0.58 0.5$ 0.58 0.58 0.59 ---- 0.59 ---- 0.59 0.59 0.59 0.59 -----------
00- .--------------------------------------------------------------- 0.63

105 0.57 0.57 0.57 0.57 0-58 0.57 0.,5 0.59 0.53 0.58 0:5 0.58 0.58 0. 59 0.59 0.5 ----
120 0.56 0.56 0.57 0.57 0.57 0.57 0.57 0.58 0.:57 0.57 0 0.57 0.57 0.58 0.5) o.O 0.61
135 .... .... 0.56 0.57 0.57 0....... .... o.56 0.5 .... o.5) 0.60
150 o.56 o56 0.56 0.56 0.9 0.57 (.57 0.57 0.57 0.57 0.57 0.56 0.59
180 0.6 0.56 0.56 0.56 0.56 o.56 o.57 o.58
210 0.57
240 o.56 o.5w
300 0.56



Table 11

Results of Stage-Time M-aessur-ntS.' Teat Condlitin 2.2(32)

Timc, seconds Stage, feet

Downstream
_ _ _ _eam Stations Can Stations

Ti. e .. 1-0 0 i0 1o 150 -'--Th-I'o 1 ,W . i', = 1! _ 5 _3-0

0 0.40 0.2 0.61 c.71 o.76 c 8! .,.86 o.0o o.93 0.95 0.97 0.98 0.99 1.00 1.00 0.32 0.32 0.32

0.5 i .95 0.97 0.98 0.90 0.78 0.69
1.0 0.95 0.95 0.89 0.75 0.70 0.70
1.5 0.95 0.90 0.79 0.72 0.72 0.71
2.0 0.93 0.91 0.80 0.74 0.72 o.., 0.71
2.5 T o.92 o.86 0.76 o.71 0.5 ... .69

3.0 0.9o 0.89 0.81 0.72 0.72 0.74 0 .6935 ---- 0.85 077 o7 ----. ........---
4.0 o.88 o.81 o.74 0.74 0.74 0 73 0.72 0.69
4.5 T 0.84 0.78 0.72 -------------------- .32

o.86 0.82 0.74 0.72 0.73 0.73 0.7 ------------
0 0.82 0.76 0.71 0.72 0.72 0.71 .--- u.fl 0.68 0.1.5
7 0.81 0.77 0.72 0.71 ------------ 0.71 .... .... 0.47

8 0.80 0.74 0.70 0.70 0.70 0.70 0.'O ---- 0.70 0.68 0 48
9 0 . 078 0.70 ---- 0.70 --------.---------------------

10 o.,t6 0.75 0.68 0.69 0o.9 0.69 0.71 0.69 o.71 0.69 0.68 o.51
1. .... 0.71 0.66 ------------------------------------

0.71 0.71 0.69 0.65 -------------------------------- 0.54 1
!4 o.68 0.66 0.65 0. '-- ------------.-----------------------
15 .... 0.....6.... .47 o.6 o.63 0.68 0.68 ,.(t 0.66 0.55 t
16 T 064 ;.63 0.63 -------------------- ................... -: - 32
17 o.61 ------------ 0.63 ----------------------------------- 0. 36
18 .... 0.60 0.60 0.61 ------------ --------------------------- 0.37
20 0.59 0.58 0.59 0.oO 0.61 0.63 0.65 0.65 0.66 0.66 0.65 c.66 0.65 0.56 O.hO
23 T o0 52 ----. --.- .---. ---- .- --. -.-- .- -.. ---. .-- -. .--- ..- -. --.- .-- . .---- .---

25 0:50 0.53 0.55 0.56 0.59 0.60 ---- .. ... ... ... ... ...-- ---- ---- 0.45

V 0.40 ------------------- --------------------------------- ------------------------
30 .... 0.47 0.50 0.53 0.54 0.57 0.53 0.60 ).62 0.62 0.6- 0.62 0.63 0,63 0.62 0.56 O.49
35 .... 0.45 0.47 0.5! 0.52 0.55 --------------------------- ---------------- 0.32
37 -- .---------------------------------------- I--- ---------- 0.35

40 0.37 0.43 o.45 n.49 o.5. o.53 o.54 0.56 ---- o.58 o. .50.39 0.9 0.,59 0.56 0.55 0.52 0.36

45 ---. o.42 o.44 -------- 0.52 -------------------------------------------- 0.39
50 0.37 o.41 ---- o.46 o.,t 0.50 0.51 0.53 r' '5 0.55 0.55 0.55 0.55 0,55 0.54 0.54 0.53 o.44

60 0.35 0.39 0.o 0.o44 0.45 0.47 0.40 0.50 0.52 0.52 0.52 0.53 0.54 0.54 0.53 0.51 0.50 0.45
70 0.35 0.37 0.39 0.42 0.42 o.45 0.45 0.18 0.49 0.50 0.50 0.50 0.50 0.50 0.51 -------- 0.50
80 0.34 0.36 0.37 o.-o O.4O 0.4^2 0.43 0.45 0.47 0.47 0.43 0.48 0.48 0.48 0.48 0.46 ---- 0.50
,.... 0 .3 . o.,' 0.-0 0.4! 0.4j 0.45 o.45 o.46 0.45 0.46 o.46 0.46 0.o6 0.50 0.50

105 0.33 .314 0.35 0.36 0.36 ---- 0.39 0.40 0.43 o.42 0.43 0.:42 0.43 0.43 0.43 .. 0.46 -

120 0.32 0.34 0.35 0.35 0.35 0.37 0.37 0.38 0.40 0.39 0.4o 0.40 0.0 0.-1 o.4o 0.4, 0.45 0.49

150 0.34 0.34 0.34 0.314 0.34 0.34 0.6 0.36 0.37 0.37 0.36 0.37 0.38 0.37 037 0.40 0.45

180 0.33 0.33 0.33 u.53 0.33 0.23 0.34 0.35 0.35 0.35 0.34 0.36 C.35 0.36 9.35 0.36 0.41

210 0.33 0.33 0.32 0.32 0.33 0.33 0.3 4 0.35 o.34 0.34 0.34 0.34 0.35 0.34 0.33 0.35 0.38

240 0.32 0.32 0.32 0.32 0.33 0.34 0.34 0.33 0.33 0.33 0.34 0.33 0.33 0.34 0.36

300 0.33 0.33 0.33 0.33 0.32 0.32 0.33

360 0.32 0.33 0.33 0.32 0.33

420 0.32 0.32



TCble 12

fReo~its of Stage-Th met~ Teo, Co-laition 2.2(r.6)

Time, ceconds Scace, PCoe

DolwnstreO
Up,3rear Stati.'Ps D~m Stations

Time 70 1C J 1'o 150 io 4'2 1-0 6-- 5Z 194 19 192 2- 0 2:) SC 350

0 C.59 0.64 0.65 0.75 0.7 ,.84 0..8 0.91 0. . ).9 . 0.97 0.99 099 o.5/ 0.6 0.56 0.56
00.97 0.91 0.83 0.67
1.0 0.94 0.90 0.82 0.75 0.69
1.5 T .0 - ---- 0.3 2 0.7 6 cl0o.'7 52.0 0.94 C.98 9 .83 0.71 0.75 0.79 O.77
2.5 .... ....-.... 6.76 0.78 .30 ,.75
3 IC.91 o. ; 0.- 0.77 o.79 0.78 0.73 T
4 0.91 0. '; Q.5 .T7 0. .78 0.76 0. V 0.565 T RS% MI9 C.' - .75 0.77 0.78 (.77o.f,.6

0.88 0.82 .79 0.] .7(, 0077 0.66
7 V ... 0,.8 -- -..
9 O.P} 0.80 o.-6 o.T 0.76 ................-.. 0.66
9 T0.. 7 -.7 - ---.-. --.-. --.-..... .... .... -- 0.67
0 0.73 0.80 0.75 0.5 0.76 0 .-1& C.i6 0.76 0.77 0. v 073 0.67
2.. 0.76 0.3 ... .. .. .. .. .. .. .. ..

13 0.75 ------------------- -------- ---- --------Q .. .73 ---- . . . . .. .---- - - - - - - - - -; . . .: 4
15 0.73 ---- 0. f' 1.(4 C.7s 0.74 0.75 0.16 o.t) :.7' 0.1 0.61
16 0.73 -. O. ---- ---------- ---------------------
17 0.71 ------------------- ------------------------ .6
18 .--- o. ---- ------------------------- ----------
20 0.69 0.63 0-0 0.71 0.:2 2.7 0.73 ,73 0.74 0.73 0.74 0.-2 0.71 0.65
2, 0.6- - .--------------------------------------------------------
25 0.66 0.66 0.66 0.69 ------------------------------------ 0.70 0.65 0.57

.--------.-------------------------------------------------- 0.59
28 0.64 --- -----------. ----. ----. ----.----.--...----.---- -- 0.66 ----
30 ---- 0.64 o.65 0.65 0.6 ,,e 0.63 0.2i j.7, 0.71 0.:. 0.72 0.71 .59 0.69 0.65 0.59
35 0.62 0.63 --------.-------------------------------------------- 0.60
4-, 0.s? C.61 0.62 0.63 0.6 0.62 0. 66 OA.7 0.69 0. 4 0,69 -. 70 c.6< 0.70 C.57 0.67 0.09 0.61
50 0.5 0.60 0.60 0.62 0.61 u.64 o.64 0.65 0.67 0.',7 0.67 0.67 0.63 0.69 0.67 0.65 0.65 0.62
60 ---.- o.9 0.60 0.61 O.61 n.63 0.62 u.64 o.65 Q.( 0.65 0.61 o.64 0.66 0.65 0.64 0.64 0.64
70 0.57 ---- o.59 o.6o 0.60 ,.6z 0.62 0.63 0.65 .6, , ,5 0.61 n.61. o.(, .. 0.64 0.64 0.63
75 - 0. --.-------------------- 0.63 ------------------------------------- --
30 ........ 0,39 0.59 0.59 ).61 0.60 ---- 0.63 0.64 0.64 0.63 0.64 0.63 0.62 0.63 0.63 0.64
90 0.56 ---- 0.58 o.(9 0.59 o.60 0.60 0.61 .--- o.63 0.62 0.62 0.63 0.63 0.61 o.61 0.62 0.63

105 ......... - 0.57.-------- 0.6 ---------------- 0.62 ---- ---- 0.60 ---- 0.63
120 0.57 v.57 0.58 0.57 0.59 0.9 0.61 0.60 0.61 0.61 o.61 0.61 0.61 o.6c 0.60 o.- 0.61
150 0.56 0.1,6 0.57 n.56 o. 59 0.58 u.59 0.60 0.61 0.61 0.6 0.60 0.60 0.60 0.59 0 59 0.59
1' 0.5 0.51 0.57 0.18 0.59 0.O0 0.-59 0.60 0.60 0.60 0.59 0.58 0.57 0.57
210 0.57 0.56 0.57 0.5) 0.'9 0.60 0.59 0.59 0.60 0.1)9 0.57 0.57 0.57
4o0 o.56 0.59 0.59 0.59 0.59 0.60 o.5$ o. 0.56



T.ble 13

Results of Stage-Tiv Measurements, Test Ccndition 3.2(32)

Time, econds StaCe, feet

Dowlssrvam
Vrstream Stations Dam Stations

_,_ 70 100 120 140 150 6 12 1t- 120 &9 1 1- 199 0 2 20 350

0 O.,0 0.52 0.6: 0.71 ).76 0.81 o.86 o 0.93 0.95 0.97 0.98 0.91 1.0O 1.00 0.32 0.32 0.32
0.5 1 j 0.93 P. 95 0.97 ---- 0. * 0.85 o.eV
1.0 I 0.93 0.95 0.96 0.90 0. o.84 o-
1.5 0.93 0.93 0.90 0.84 0.85 C o85 0.85
2 0o1 0.93 0.92 0.84 0.84 W;.5 0.85 0.85
5 T ---- o.87 0.82 0.85 0.85---......

3.0 0.90 0.39 0.84 0.84 0.84 0.85 0.34 0.85
3., ---- 0.85 0.82 ....................
4.86 0.88 o.82 0.82 0.83 (.84 0.85 0.84 0 I

0.85 0.84 0.80 ---- 0.81 -------- -------- O-.3
. 0.79 ---- 0.81 .... 0.84 0.84 0.83 0.83 -.--

9 0.76 .... 0.73-.................-------- --------

0.75 0.75 ---- 0.77 0.1,9 0.80 0.81 0.82 0.83 0.82 0.83 .47

12 0.9"I00.7500.77..0...0.0.81........ ...... .82.....
127 .1----------------- ------------------------------------------------------ 03

22----------------------------------------------------------------- --------------

- ---- .6 0.69 ----------------------------------------.
0 o0.66 -- -. 0.71 0.72 0.77 .75 0.70 0.81 0.7, 0.76 0.82 0.04916 0.1--. 65 .... .... .....----...-.-.--.-.-.---..-.-. .-....

3- ...----.---------. 67 ------------------------------------..- 
-- 0.3 2.00. o.60 0.63 .... 0 0.73 .1 .78 0.79 0.? 0.80 o.7'3 o.75 o 0.4 0 .35

-2 0.52 .. .----.----.----.----------------------------------------.
0.50 0.52 0.59 o.61 c.65 ----. -.- 0.. .. .65 -... .70 . 0.6- -- -------- 039.30 6. 500 0:57oMo0o.64 o.67 0.61 0.7 3 0.75 0.65 0.76 0.67 o.76 0.77 0.52 0.4337 ----. -.-- .- -.. ---. .-- -. .--- ..--. --.- .-- . .---- .--- ...-- .-- .- .- - ..---- .-- - ..--- 00 33

80 0.37 0.43 o.4 0.55 0.57 . o.64 0.63 o.' 071 0.72 0.73 0.74 0.67 0.6.2----- 7 o.34

90 o0.5 o.41 o.4 0.(15 .- o 0.68 0.65 0 7 0.70 0.5c 1.72 .47 .50 0.48
60 .3. o.o . 1 0.5 0.54 05 0.65 0.67 o.61 0.68 o.51 o.49 o.41
70 0.34 0.38 ---- 0.47 o.49 ---- 0.55 0.59 0.50 0.62 0.61 0.63 0.6 0.5 4 .4 .. 7.

150 -.43 -.4 -.4 -.48 0.48 0.-- ---- 0.40 0.44 0.45
190 0-4,4 0.40-7 0.542 0.43 0.--- 0.404404-03--4.04

210 0.53 0.56 0.59 0. 4 0<,0 0.61 0.62 0.61 0.62 .36- 0 .40..
90 0.33 o.42 0.45 .... 0.50 0.37 0.5 0.0 0,57 o.9 0.60 0.40 0.40 0.37 0.50 0.37
205 -.. ---.. ---..-.. 0.42 0.45 0.37 0.5 0.52 0.5 0.34 0.5 0.55 0.3 0.38 -... .5 0.38
130 0032 0034 0.35 0.38 o.39 o.42 o.44 0.46 0.50 0.39 0.38 0.39 0.3 0.32 o.38 0.4. 0.3 7 .4
150 0.3 0433 0.35 6.,6 0. 9 o.4o --4 0.37o 0. 0.36 o.38 0. 0.37 o.38 0.o 0. 3 o.5le,0 o). 3 C.33 0.34 o.34 . (5 o.36 0.4o o.h ).42 o.4+3 o.44 0.44 0.44 4 o~h 037 0.41 0.42
210 0.32 0.33 0. 34 o. 5 0.35 0.38 0.39 0.42 o.,o o.411 o-12 o.41 o.42 o.36 o 17 0.40
Aho Q.33 0.33 o.34 o.35 0:37 0.38 odio o.39 0.40 0.40 o0.4o 0.40 0.35 J.36 0.37
270 Oo 0.33 0.33 0.34 0.35 0.37 0.39 0. 36 0.39 0.39 0.39 0.38 o. 4 0.35 0.3Y)
3¢o (1.33 0.33 0.3A 0. ;6 Q.37 0.39 0.38 0.39 0.39 0.39 '). 3 0.3Y, 0.34 0.34
60 0.32 0.11 o.34 0.3 0.37 0.38 0.37 0.38 0.39 0.39 0.37 o. 3 0.33



W- z c~m ,e'e Velocity,* Data

)n060ae. PIov Tet conditlow'conlitbo. 1.2

o atio1. k .. l- c .! conllti ,,7 Conlitt0 8. - -

Tst ' . _ tion station sat_._ rlton diton 1 SAto 1

00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 090 0 0 0 00
700 0 0 0 710 1.15 .70 0 .0 1 012 1.5 2 .00 .07 0 0.97

17 1.75 1.1 0. 1.0 N 1.352 160 1.6 1.5 0.92 1.50 0. 1.3 07 0 1. 0 1. 1 1.5 0.80 1: 51.307
. O 5 1.15 0 02 1.30 0.0 1.... 0 .. 0.93 0.8.o"3 i o ;"

.... .. 9......oI1.3 0.31
3 z. 1.o I. o.g 1.17: 3. ! :3 o : .. .,

45 ..35. 17 110 . 1 .. 7. 0.75 1.10. 0.4,37 .... 1.3 .... 1.00 . 0.85 .1.. 0.50 1.1 1.20 1. . 30 1 1. 1 5.' o.27 o.-A F 0.45
5 7 0 .... 1 ..1 .... 0 .0..
420 1 30 1.15 o .50 0.95 os . 0 10.' 0.87 0.7 . 0 o .75 0.49

7 .... .. .... 1.03 .... 0.1.
65 1, .30 1 1. 1.00 1.4 0 . , .71. , .47 .... . .15 .... .... .... . 0 ... 0.2 ..... . 3 .... 0
77 .1 1.5 o.9 1.00 0 Q.91 1.00 0.77 o.7 0.9'. 1.7 , .4 09 1.05 0.5

...0.. .... 0.5. ;:675 0.91 1.0 .o 0 .9 9 0,o 0.9. .... 0. ..... .. ... ... O... 10.5 ....0.93 1.0 1 1.00 0.7. ..7 0 . 1.00 0 .. 71 0.n 0.9. 0 .50.. .... ... . ..... ....... .... ... .... .0 .9 1. 0 0.. 0.9-9 O5 P 0.9 .... 00.0.0, 9 I. .... 00 .'3 0.87 .00 F ...... . o. ... .. ? 3 .. .. .... .... ... . .. .... . .. .... .... " "

0 0.5 .0 ,9 0... .. 0..1 . .. . .... o . . ..... . . .... ....8. 0. 0.975 ........ 0. .2 0.,.r U.83 .... .... 0 0. 1 .... 0.. .1:0' .... .... 0.277 .... $.... .... 0.3990 o.81 0.07 1.05 0.7,1 0.9. 1.0 0 0 0.1 .0 0.9 o 0.6 0.93 '.91 0.62 0.70 0.77 . 0. 7 0.48 0.71 .... .... .... .... .... .... .... .... 0. ..... .7 .... .... 0.59 0:... .... ..7 . .. 0.3690 .... .... .... .... .... .... 0.7,3 0.92 0. 07 . o. ,3 0. 7 .03 ... 6.. .. . 0.7 5 0.968 0.. o39
17 .. .. .. .. .. .. .. .. . ..... ........ .. .. .. . 073 . . ..

130 0.677 0.7. 0.07 0.61 0.FF 0.90 0.76 0.90 1.00 0 .77. 1.13 0.55 0.7 0 0.9 5 0. 5 0. 67 0.66 0.7 d 0.8. 0.2
110 0.60.73 ,bl l . 0'37 1.0 00 7.7 o0,9 1.) . 0. 0 2. 9 a.0.4. 70 0. 0 79 0.48 0.0 0.69 o.63 0.00 0.67 0.90 0.612 0.07 2.2v 0,6. 0.7, . 0.9 2 0.77 0.03 0.57 0.2 .6 0 0.68 0.8 0.089 0.4 1 O.160 0.62 0.7 0.7 0.61 0,., O.90 0.69 0.04 1,2> .... ,77 1. 0.58 0.77 0.7 0 .. .0.6 9 0. 66 0.76 O.Al 0. 107170 0.61 0.70 0.84 0.3 0.6 090 0.67 0. Z .27 .... v. . 9 .7. . . .V .5 V.69 V.6 0.0 0.,7 .41 (.4-AW 0.2.0 0.60 0.70 0.56 0.6'7 0.90 0.61 0.,O 1.2 0.61 0.77 1.,- 0. . 0.7 0 . 0.2. 0 0.6' 0.60 0.6 9 0.8 5 0 . 1 0 .7160 0.5.4 0.53 0.67 0.41 0.30 62 0.4 0.80 1.9 .... .... .... 0.50 0.69 0.6 ..... .. .... 0.59 0.66 0. 0.. ..170 0.3'. 0.60 0.?6 0.51 0.61 0.50 0.57 0.76 .120 . 63 , 0 06 5 0. 0. 3 0.6. . 0.. .9 0.62 0. .0 .I770 0.70 0.77 0.. 0.2.6 0.37 0,1 73 . 0.. io z 0.'.6 '5.59 1 .1 6 0.63 0.73 . . .6 0.61 0. 2.5 0.59 0 35 0. 3 7 0. .,WO 0 . , 0,.3 0 0.9, 0.37O 0.6. 0.49 0.1 7 0.9 1 0.5' , 1.12 0.2p 0.33 0..65 0.35 0.-2 0.55 0.39 0.9, 0..0.19 q. .3 .4
14 0. -0 ,,6 0. 37 04 2 o. .h 0.41 0. .3,0.5f 0,51 0,60 1-10 0.-3' 0.V, 0.54 0,32 0.36 0. .0 0 0.59 0.34 0: 4v .470 7 p 0. 3 , 0.49 0.y , 0.37 1).45 0.35 0.4,7 0,' o.1,6 c.9 1 .16 0 o. o.0 ... ... ... 0-33 o,43 0..53 o.-35 C, 7 O.A,.w o.1, 0:33 0.4,' 0.09 oP o0.44 0.3 o. ,x o,57 o.41 0.54 1.12 0.23 0.33 o..45,0.21 o0.9 0-39 0.,9 0:35 O.M 0,29 C. 37 ).43560 0.19 0.24 0.32. 0.21 0.77 0.33 0.32 0.31 0 37 0.32 0.46 1.00 0.10 0.7 0.32 0. 0. 3 0 . 3 0.023 0.31 0.40 027P 0-31 '7.392.50 0.1 0. 30 Q. O.71 0.30 0.16 0.35 0.15 0.37 0.79 0.13 0. 0.7 0.1 l .20 o.3 9 0.-5 0.34 0.23 0.7 '1.32.7( t.17 0.72. 0.31 0.0 0.30 0.10 0.1 0.09 0.16 0.15 0.41 0.30 0.10 0.15 7.31
95 0.17 0.15 0.77 0.13 0.221 0.76 0.16 0.22 (,56o0 0.)", 0.19 0."0,70 00.31

* 0olo.'t1' II 0t per .e.,o3



Table 15

Dovr.tream Average Velocity* Data

]E,..,e Flow Test Conditions

Test Condi- Test Condi- Test Condi- Test Condi- Test Condi-
tion 1.2(2) tion 1.2(56) tion 2.2(32) tion 2.2(56) tion 3.2(32

Time Station Stntion Station Station Station
sec 225 280 350 225 2UO 350 225 WO 350 225 280 353 225 2880 350

0 0.78 0.78 0.78 1.37 1.37 1.37 0.78 0.78 0.78 1.37 1.37 1.37 0.78 C.' 0..78
5 1.80 0.781 1.90 0 .96 1.4f 0.78 1
7 1.90 0.78 1.90 1.30 1.45 1.30
!0 1.95 0.78 1.90 1.50 1.50 7 1.40
12 1.85 0.78 1.80 1.37 1.55 1.50 1.37 1 1.45
15 1.70 0.81 1.75 1.65 1.60 0.78 1.50 1.45 i 1.40
17 1.65 1.15 ---- 1.70 1.6o 0.82 ---- 1.45 1.4o 0.78
20 1.60 1.40 1.70 1.70 1.60 1.i0 1.50 1.50 1.35 0.92
22 ---- 1.45 ---. 25 .. ---- 1.05
25 1.45 1.50 1.60 1.70 1.37 '.50 1.30 1.50 1.'u 1." 1,30 1.2027 --- 1.50 1.40 - 1.3.53 . 1..3012

27 -- 50 -----------------------------------------. 4:. ---- 1.20
30 1.35 1.50 1.55 1.6o 1.50 I.115 1.40 t .150 1.50 1.50 1.25 1.25
32 -------- 0.78 -------- 1.50 --------- 0.78 ---------- 1.50
35 1.30 1.4o o.85 1.50 1.6o 1.50 1.35 1.4o 0.90 1.50 1.50 3. 0 1.20 1.30
37 -------- 0.91 - --------.---- --------- 0.97 -------------------- 0.78
4o 1.20 1.35 0.98 1.50 1.50 1.50 1.25 1-io 1.05 1.50 1.50 1.55 1.20 1.30 0.81

-- 1.00 --------------------- 1.10 ------------ -------- 0.84
45 1.15 1.35 1.05 1.50 1.50 1.50 1.20 1.30 1.15 1.50 1.50 1.60 1.15 1.30 0.89
47 -------- 1.05 ------------ -------- 1.15------------ -------- ----
50 1.15 1.35 1.10 1.40 1.45 1.50 1.10 1.20 1.20 1.50 1.50 1.6o 1.10 1.20 o.96
55 ---------. 1.15------------ ------- . - --------------------------
60 i.05 1.25 1.15 1.40 1.45 1.50 1.00 1.15 1.25 1.45 1.50 1.55 1.10 1.15 1.05
70 1.00 1.25 1.15 1.40 1.40 1.50 0.94 1.10 1.25 1.45 1.50 1.50 1.05 1.15 L.15
80 1.00 1.15 1.15 1.40 1.40 1.50 0.90 1.10 1.20 1.45 1.50 1.50 1.05 1.10 1.15
90 0.96 1.10 1.15 1.40 1.40 1.50 0.87 1.05 1.20 1.45 1.50 1.50 1.00 1. 5 1.15

100 0.93 1.05 1.10 -------- 1.50------------ -------- -------------...
105 ------------ ------------ 0.84 0.99 1.10 1.45 1.45 1.50 0.99 1.05 1.10
110 0.88 1.00 1.10 1.40 1.4o 1.45------------ -------- ------------ ----
120 0.86 0.97 1.05 1.4o 1.4o 1.45 0.82 0.96 1.1o 1.45 1.45 1.45 0.91 0.99 1.05
130 0.84 0.94 I.oo .-------------------- ------------ ------------ ----
140 0.82 0.90 0.97---- -------- -------- -------------.........
150 0.81 0.90 0.91 1.37 1.40 1.4c 0.81 0.87 0.99 1.40 1.40 1.40 0.82 0.94 0.99
160 0.81 ---- 0.88-----------------------------------------------
170 0.81 n a7 0.84 .----.------- ----------------------- -------- ---- ----
180 0.79 0.87 0.84 1.37 1.37 1.4o 0.79 0.82 0.87 1.4o 1.37 1.37 0.81 0.87 o.94
210 0.79 0.81 0.81 1.37 1.37 0.78 0.79 0.82 1.37 1.37 1.37 0.81 0.81 0.90
24o 0.78 0.79 0.79 1.37 1.37 0.78 0.78 0.81 1.37 1.37 1.37 0.79 0.81 0.85
270 0,78 . 0.79 ---- 0.78 0.78 0.79 0.79 0.79 0.82
300 0.78 0.78 0.78 1.37 0.78 0.78 0.78 0.79 ;.7b 0.79
360 0.78 0.78 0.78 3.78 0.78 0.78
420 0.78 0.78 0.78 *.78

* Velocity in feet er second.
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